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En t h i s  program v a r i o u s  a p p l i c a t i o n s  of r a d i o a c t i v e  t r a c e r  t e c h n i q u e s  t o  f low 
decay problems were e x p l o r e d .  The main o b j e c t  of t h e  program w a s  t o  develop a  
s e n s i t i v e  t o o l  which could  b e  used t o  d e t e c t  t h e  t ime,  p l a c e ,  and d e g r e e  of  
d e p o s i t i o n  of me ta l  contaminants  w i t h i n  v a r i o u s  components of a  p r o p e l l a n t  
f e e d  system. Such a  t o o l  was s u c c e s s f u l l y  developed and r e a d i l y  a p p l i e d  t o  
f low s t u d i e s  i n v o l v i n g  n i t r o g e n  t e t r o x i d e  and hydraz ine .  
As a n  a n a l y t i c a l  t o o l ,  thermal  n e u t r o n  a c t i v a t i o n  fol lowed by gamma c o u n t i n g  
w a s  shown t o  b e  a  s e n s i t i v e  method f o r  t h e  q u a n t i t a t i v e  a n a l y s i s  of  a v a r i e t y  
of  m e t a l s  i n  l i q u i d  p r o p e l l a n t s .  For purposes  of demons t ra t ion ,  t h e  e x p e r i -  
men ta l  i n v e s t i g a t i o n  was l i m i t e d  t o  t h e  m e t a l s  i r o n ,  z i n c ,  and chromium 
and t h e  p r o p e l l a n t s  h y d r a z i n e  and n i t r o g e n  t e t r o x i d e .  Both "wet" and "dryfq 
a n a l y t i c a l  methods were employed. I n  t h e  wet method t h e  p r o p e l l a n t  and i t s  
c o n t e n t s  were a c t i v a t e d ;  i n  t h e  d ry  method t h e  r e s i d u e  l e f t  a f t e r  t h e  
p r o p e l l a n t  had been evapora ted  was a c t i v a t e d .  The d ry  method was found t o  
b e  more widely  a p p l i c a b l e  t o  p r o p e l l a n t s  and was s i m p l e r  t o  employ. L i m i t s  of 
d e t e c t i o n  of 0 .1 ,  0.01, and 0 .001 p a r t s  p e r  m i l l i o n  (ppm) were  found f o r  
i r o n ,  z i n c ,  and chromium r e s p e c t i v e l y .  These l i m i t s  a p p l y  t o  a  s m a l l  amount 
of  p r o p e l l a n t  (10 grams),  a  r e l a t i v e l y  s h o r t  coun t ing  t i m e  ( I  h o u r ) ,  and 
moderate a c t i v a t i o n  c o n d i t i o n s  (10 hours  i n  a  f l u x  of 8 x 1012 n e u t r o n s  p e r  
2 
crn p e r  s e c . )  . 
As a d i a g n o s t i c  t o o l ,  t h e  gamma emiss ions  from r a d i o a c t i v e  t r a c e r s  o f  i ron-59,  
z inc-65,  and chromium-51 provided a v e r y  s e n s i t i v e  means of m o n i t o r i n g  t h e  
movement of meta l  contaminants  i n  a s t a i n l e s s  s t e e l  f low t e s t  a s sembly ,  Flow 
tests were conducted w i t h  n i t r o g e n  t e t r o x i d e  and hydraz ine  i n  which each  
p r o p e l l a n t  was flowed through b o t h  a  f i l t e r  (10 micron a b s o l u t e ,  s t a i n l e s s  
s t e e l  w i r e  mesh type)  and a c a p i l l a r y  (O,QG% inch  I.B,, 10 i n c h e s  l o n g ,  
304 s t a i n l e s s  s t e e l ) ,  I n  most r u n s  r a d i o a c t i v e  t r a c e r s  were added d i r e c t l y  
t o  the p r o p e l l a n t ,  w h i l e  in some r u n s  r a d i o a c t i v e  con tamina t ion  w a s  i n t r o d u c e d  
through i n t e r a c t i o n  s f  t h e  p r o p e l l a n t  wi th  r a d i o a c t i v e  m e t a l  s u r f a c e s  
Plow decay was readily observed when EfSC-PPD-2A N O was passed through t h e  2 4 
f i l t e r s .  I n  a l l  such runs  measurable r a d i o a c t i v i t y  (about 1 t o  10% of t h e  
t o t a l  added) depos i t ed  on t h e  f i l t e r s ,  o f t e n  p r i o r  t o  t h e  t ime a t  which a 
d e c r e a s e  i n  f low r a t e  could  be  measured. At no t ime d i d  flow decay occur  
wi thou t  t h e  p r i o r  o r  concurrent  build-up of r a d i o a c t i v i t y  on t h e  f i l t e r .  
A few r u n s  were made wi th  d i s t i l l e d  MSG-PPD-2A N204 t o  which had been added 
v a r y i n g  amounts of f e r r i c  n i t r a t e .  The degree  o f  f low decay was approximately  
p r o p o r t i o n a l  t o  t h e  q u a n t i t y  of f e r r i c  n i t r a t e  added, add w i t h  no f e r r i c  
n i t r a t e  added ( o t h e r  than 0.001 ppm of t h e  r a d i o a c t i v e  t r a c e r )  no f low 
decay was observed,  D i s t i l l a t i o n  thus  seems t o  o f f e r  promise as a means of 
e l i m i n a t i n g  flow decay.  
No flow decay was observed i n  any r u n s  i n v o l v i n g  t h e  passage of N O through 2 4 
c a p i l l a r i e s  and the '  passage of N K through e i t h e r  f i l t e r s  o r  c a p i l l a r i e s .  2 4 
I n  none of t h e s e  runs  was any a p p r e c i a b l e  r a d i o a c t i v e  contaminat ion d e p o s i t e d ,  
a r e s u l t  which is  c o n s i s t e n t  w i t h  t h e  absence of f low decay.  I n  some runs  
invo lv ing  c a p i l l a r i e s ,  p a r t i a l  b lockage of t h e  c a p i l l a r i e s  occur red ,  b u t  
subsequent i n v e s t i g a t i o n  i n d i c a t e d  t h a t  t h e  blockage r e s u l t e d  from t h e  
p resence  of ex t raneous  p a r t i c u l a t e  m a t t e r  i n  t h e  p r o p e l l a n t  rat he^ t h a n  a 
f low decay mechanism such as g e l a t i o n  o r  meta l  complex format ion w i t h i n  t h e  
c a p i l l a r y .  
2 ,  Q INTRODUCTION 
Genera l ly  speak ing ,  f low decay can b e  d e f i n e d  a s  t h e  d e c r e a s e  i n  f low r a t e  of 
a p r o p e l l a n t  a s  a  f u n c t i o n  of t ime when t h a t  p r o p e l l a n t  f lows  through a  
c o n s t r i c t i o n  (such a s  a  f i l t e r ,  v a l v e ,  o r  o r i f i c e ) .  More s p e c i f i c a l l y ,  t h i s  
d e f i n i t i o n  h a s  been a p p l i e d  t o  d e c r e a s e s  i n  f low r a t e  of N 0  caused by t h e  2 4 
fo rmat ion  and /o r  d e p o s i t i o n  of me ta l  compounds ( i n  p a r t i c u l a r ,  i r o n  n i t r a t e  
complexes) w i t h i n  those  c o n s t r i c t i o n s .  l , 2  These i r o n  n i t r a t e  complexes a r e  
I 
I h e a v i l y  s o l v a t e d  wi th  s o l v e n t  (N 0 ) molecules ,  even t o  t h e  p o i n t  of  forming 2 4 
g e l s .  Th i s  e x p l a i n s  i n  p a r t  why such s m a l l  c o n c e n t r a t i o n s  of  i r o n  i n  N 0  2 4 
(about  1 ppm) can s o  e a s i l y  cause  c logg ing  problems. 
1 
These ve ry  s m a l l  meta l  c o n c e n t r a t i o n s  n e c e s s i t a t e d  t h e  u s e  of h i g h l y  s e n s i t i v e  
d e t e c t i o n  t echn iques  i n  e a r l y  f low decay s t u d i e s .  Consequent ly ,  s h o r t l y  a f t e r  
i n i t i a l  e x p l o r a t o r y  r e s e a r c h  was ~ n d e r t a k e n , " ~  a  s e a r c h  was made a t  The 
Boeing Company f o r  p o s s i b l e  d e t e c t i o n  t echn iques .  Subsequent work was s u c c e s s f u l  
i n  demons t ra t ing  t h a t  r a d i o a c t i v e  t r a c i n g  had c o n s i d e r a b l e  v a l u e  a s  a  h i g h l y  
I 
s e n s i t i v e  d e t e c t i o n  t e c h n i q u e . 3  I n  t h e  Boeing s t u d y  r a d i o a c t i v e  s t r i p s  of 
i r o n  f o i l  were immersed i n  s t i r r e d  samples of d i s t i l l e d  N 0  t o  which had 2 4 
been added known amounts of v a r i o u s  i m p u r i t i e s  (H 0 ,  N O ,  NOC1). By coun t ing  2  
t h e  r a d i o a c t i v i t y  t h a t  was t r a n s f e r r e d  t o  t h e  s o l u t i o n  a s  a  f u n c t i o n  of  t ime,  
a c c u r a t e  r a t e s  of d i s s o l u t i o n  were measured. The method was r a p i d ,  con t inuous ,  
n o n d e s t r u c t i v e ,  and h i g h l y  s e n s i t i v e .  I r o n  c o n c e n t r a t i o n s  were s u c c e s s f u l l y  
measured t o  t h e  n e a r e s t  0 .01  ppm. 
Because of t h e  promising advantages  e x h i b i t e d  by r a d i o a c t i v e  t r a c e r s ,  t h i s  
program was under taken w i t h  t h e  o b j e c t  of deve lop ing  a s e n s i t i v e ,  a c c u r a t e  
t o o l  t h a t  could  be  a p p l i e d  r a p i d l y  and n o n d e s t r u c t i v e l y  t o  a  f e e d  sys tem i n  
an e f f o r t  t o  answer such q u e s t i o n s  a s  (1) whether a  build-up of meta l -  
c o n t a i n i n g  d e p o s i t s  is o c c u r r i n g  d u r i n g  p r o p e l l a n t  f low;  (2) where t h e  build-up 
i s  o c c u r r i n g ;  ( 3 )  how f a s t  t h e  build-up i s  o c c u r r i n g ;  and ( 4 )  which m e t a l s  a r e  
d e p o s i t i n g  and i n  what p r o p o r t i o n s ,  T h i s  development program was t o  be 
accomplished i n  t w o  tasks, Task 1, which i nvo lved  t h e  quantitative analysis 
a t  metals In propellants, developed procedures f a r  u t i l i z i r s g  neutxrorz activation 
a s  an a n a l y t i c a l  Cechnique. For purposes s f  demons t ra t ion ,  the s t u d y  was 
l i m i t e d  t o  t h e  m e t a l s  i r o n ,  z i n c ,  and chromium. I n  performing Task 1, t h e  
groundwork was l a i d  f o r  e s t a b l i s h i n g  t h e  gamma count ing  methods r e q u i r e d  f o r  
Task 2 .  Task 2 ,  which involved f low tests w i t h  t h e  p r o p e l l a n t s  E204 and 
N2H4, developed p rocedures  f o r  t r a c i n g  t h e  movement of m e t a l  compounds through 
c o n s t r i c t i o n s  such a s  f i l t e r s  and c a p i l l a r i e s ,  
3,0 THEORY 
Rad ioac t ive  atoms c o n t a i n  n u c l e i  which possess  an excess  of ene rgy .  These 
n u c l e i  decay a t  a  c h a r a c t e r i s t i c  r a t e  t o  a  s t a b l e  s t a t e  by t h e  emiss ion  of  
v a r i o u s  p a r t i c l e s  o r  e l e c t r o m a g n e t i c  r a d i a t i o n  such a s  a l p h a  p a r t i c l e s ,  
e l e c t r o n s ,  and gamma r a y s ,  The emiss ions  a r e  s p e c i f i c  t o  t h e  decay ing  nuc leus  
and can b e  used a s  a  p o s i t i v e  means of i d e n t i f y i n g  an e lement .  These r a d i o -  
a c t i v e  n u c l e i  can b e  p repared  through a  v a r i e t y  of  n u c l e a r  r e a c t i o n s ,  a  common 
one  b e i n g  t h e  c a p t u r e  of  a low energy ( thermal)  n e u t r o n  by a  n o n r a d i o a c t i v e  
n u c l e u s .  Although o n l y  a  s m a l l  f r a c t i o n  of t h e  t o t a l  number of atoms of a  
sample can u s u a l l y  be  made r a d i o a c t i v e  ( o f t e n  l e s s  than  one atom i n  a  b i l l i o n ,  
b u t  a known and r e p r o d u c i b l e  f r a c t i o n ) ,  s u f f i c i e n t  numbers of r a d i o a c t i v e  
n u c l e i  may remain t o  produce a  l a r g e  (and coun tab le )  r a t e  of decay,  t h u s  
forming t h e  b a s i s  f o r  a  h i g h l y  s e n s i t i v e  a n a l y t i c a l  t echn ique .  
I n  d e c i d i n g  whether thermal  n e u t r o n  a c t i v a t i o n  can be  a p p l i e d  u s e f u l l y  t o  
m e t a l  a n a l y s e s ,  two impor tan t  q u e s t i o n s  need t o  b e  answered: (1)  can t h e  
m e t a l  b e  made s u f f i c i e n t l y  r a d i o a c t i v e  t h a t  a  s u i t a b l y  l a r g e  n u c l e a r  d i s -  
i n t e g r a t i o n  r a t e  i s  a t t a i n e d ?  ( 2 )  can t h e  r e s u l t i n g  d i s i n t e g r a t i o n s  be  
counted? These two q u e s t i o n s  a r e  b e s t  t r e a t e d  s e p a r a t e l y  i n  o r d e r  t o  c o n s i d e r  
t h e  v a r i o u s  p e c u l i a r i t i e s  of s p e c i f i c  me ta l s .  
The f i r s t  q u e s t i o n  i s  answered by c o n s i d e r i n g  e lementary  t h e o r y .  The 
d i s i n t e g r a t i o n  r a t e ,  dN/dt, i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  number of r a d i o -  
a c t i v e  atoms, N ,  
where h , t h e  p r o p o r t i o n a l i t y  c o n s t a n t ,  i s  known a s  t h e  d i s i n t e g r a t i o n  
c o n s t a n t ,  The d i s i n t e g r a t i o n  c o n s t a n t  i s  independent of  a l l  known p h y s i c a l  
v a r i a b l e s  (e .g . ,  t empera tu re ,  magnet ic  f i e l d s ,  pressure)  and i s  d e f i n e d  by t h e  
e q u a t i o n  
where t is the h a l f  L i f e  of t he  isotope in question, 1/2 
The r a t e  of formation of r a d i o a c t i v e  atoms, dM/dt, i n  a n u c l e a r  r e a c t i o n  
i s  given by t h e  e q u a t i o n  
where N i s  t h e  number of atoms a v a i l a b l e  t o  undergo a c t i v a t i o n  t o  t h e  r a d i o -  
0 
i s o t o p e  i n  q u e s t i o n ,  4 is  t h e  neu t ron  f l u x  i n  neu t rons  per s q u a r e  c e n t i m e t e r  
p e r  second,  and T i s  t h e  c r o s s  s e c t i o n  i n  s q u a r e  c e n t i m e t e r s .  (Tne c r o s s  
s e c t i o n  is  a  measure of t h e  p r o b a b i l i t y  of a  neu t ron  being cap tured  t o  y i e l d  
t h e  d e s i r e d  r a d i o i s o t o p e  and i s  u s u a l l y  given i n  b a r n s ,  where one barn  e q u a l s  
2 
cm .) 
The n e t  number of r a d i o a c t i v e  atoms formed, dN, i n  t ime d t  is t h e  number 
a c t i v a t e d  i n  t h e  r e a c t o r  l e s s  t h e  number t h a t  decay dur ing  t h e  a c t i v a t i o n  
per iod .  
Thus, from ( I )  and ( 3 )  
dN = No 4" d t  - X Ndt 
upon i n t e g r a t i n g  ( 4 ) ,  
Equation (5) g i v e s  t h e  number of r a d i o a c t i v e  atoms p r e s e n t  a f t e r  t ime t i n  
t h e  r e a c t o r .  When t i s  l a r g e  ( t h a t  i s ,  s a t u r a t i o n  a c t i v i t y  i s  reached) ,  t h e  
r a t e  of format ion e q u a l s  t h e  r a t e  of decay and (5) reduces  t o  
When t i s  s m a l l ,  (5) redaces  t o  
N - N  @@-c 
0 
- Xg: 
using the  approximation e 1 - A t Equatrion ( 7 )  i s  vialid over a 
wide range of c o n d i t i o n s ,  For example, i r o n ,  chromium, and z i n c  have h a l f  
l i v e s  of t h e  o r d e r  of a month o r  more, and t h e  amount of  decay t h a t  o c c u r s  
d u r i n g ,  s a y ,  a 10 hour a c t i v a t i o n  p e r i o d  i s  p r a c t i c a l l y  n e g l i g i b l e ,  
S u b s t i t u t i n g  ( 7 )  i n t o  (1)  g i v e s  t h e  a c t i v i t y  of t h e  r a d i o i s o t o p e  a t  t h e  end 
of  t h e  a c t i v a t i o n  pe r iod .  
One can then  u s e  (8) t o  answer t h e  f i r s t  q u e s t i o n  asked a t  t h e  beg inn ing  of 
t h i s  s e c t i o n :  can t h e  m e t a l  be  made s u f f i c i e n t l y  r a d i o a c t i v e  t h a t  a  s u i t a b l y  
l a r g e  n u c l e a r  d i s i n t e g r a t i o n  r a t e  is  a t t a i n e d ?  A " s u i t a b l y  l a r g e ' '  d i s i n t e g r a t i o n  
r a t e  i s  de f ined  a s  one t h a t  produces  a  coun t ing  r a t e  i n  d e t e c t i o n  equipment 
t h a t  i s  roughly  comparable t o  t h a t  of n a t u r a l  background. I f  t h e  count r a t e  
becomes l e s s  than  about one t e n t h  t h a t  of background, then  count ing t imes  must 
.be inconven ien t ly  long  i n  o r d e r  t o  ach ieve  s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s .  
A d e t a i l e d  look  a t  p r o b a b i l i t y  and s t a t i s t i c s  i s  beyond t h e  scope of t h i s  
d i s c u s s i o n ,  b u t  a  quick check of some e lementary  conc lus ions  can e x p l a i n  
t h e  r e l a t i o n s h i p  between t h e  sample count r a t e  and t h e  background count r a t e .  
Nuclear decay is  a  s t a t i s t i c a l  p r o c e s s ,  and t h e  p robab le  e r r o r  i n  coun t s  
recorded depends bo th  on t h e  t o t a l  number of coun t s  and t h e  d e s i r e d  conf idence  
l e v e l .  One might ask  f o r  example how many coun t s  must be  r e g i s t e r e d  t o  
e s t a b l i s h  a  5% s t a t i s t i c a l  sampl ing e r r o r  a t  a  90% conf idence  l e v e l .  Th i s  
means t h a t  a t  t h a t  numbe.r of coun t s  t h e r e  i s  a  90% chance t h a t  t h e  measured 
number of counts  i s  t h e  c o r r e c t  v a l u e  w i t h i n  1 5% o f  t h e  measured number. 
Another way of viewing t h e  measurement i s  t h a t  if many such measurements a r e  made, 
90% of them would b e  con ta ined  w i t h i n  t h e  - + 5% e r r o r  l i m i t s ,  and 10% would 
b e  o u t s i d e  t h e  e r r o r  l i m i t s .  It can b e  shown t h a t  t h e  e r r o r  l i m i t s  a r e  e s t i -  
mated by t h e  equa t ion  
E r r o r  l i m i t s  = + - n G  (9) 
where C is t h e  t o t a l  number of counts  and n is  t h e  number of s t a n d a r d  
d e v i a t i o n s  that corresponds t o  the desired c a n f i d e r ~ c e  b e v e l ,  A t  a conf idence 
level of  902, the v a l u e  of  n i s  1,645, r"rzus t he  percent  error i n  a measured 
n u d e r  of coun ts ,  C, a t  a 902 conf idence Level i s  given by 
P l o t s  of p e r c e n t  e r r o r  a g a i n s t  counts  a r e  given i n  F igure  1 f o r  v a r i o u s  
conf idence l e v e l s .  Note t h a t  a t  a  90% conf idence  l e v e l  t h a t  t h e  e r r o r  i s  on ly  
1 .7% f o r  a r e l a t i v e l y  smal l  l O , O a O  counts .  Even a t  1000 counts ,  t h e  e r r o r  
is only  5.2%. 
A problem occurs  when background counts  must a l s o  b e  considered.  N a t u r a l  
background r e s u l t s  from sources  such a s  cosmic r a y s  and can b e  reduced 
by i n c r e a s i n g  t h e  amount of s h i e l d i n g  t h a t  is employed, For t h e  d e t e c t o r -  
counter  u n i t  used i n  t h i s  s t u d y ,  t h e  background count  r a t e  was of t h e  o r d e r  of 
2  counts  p e r  second o r  120 counts  pe r  minute  (cpm) i n  t h e  energy range 1 . 0  t o  
1 .4  Mev. 
Consider now a h y p o t h e t i c a l  r a d i o a c t i v e  sample t h a t  i s  counted a t  t h e  slow 
r a t e  of 1/100 background ( 1 , 2  cpm). For how l o n g  would one have Eo count t o  
ach ieve  a  10% s t a l r i s t i c a l  sampling e r r o r  a t  a 90% conf idence  l e v e l ?  I f  t h e r e  
were no background, one would r e q u i r e  270 counts  (from Equation f O  o r  Figure  11, 
o r  about 225 min8sEes a t  a count r a t e  of 1 . 2  cpm. However, i n  t h e  presence of 
a  120 cpm background, t h e  c o n t r i b u t i o n  t o  t h e  counts  due t o  t h e  background - 
f o r  a 225 minute count  would b e  120 x 225 = 27,000, S i n c e  t h e  u n c e r t a i n t y  i n  
t h e  27,000 count  background (+ - 270 counts  from Equat ion ( 9 ) ) ,  is equa l  t o  the 
counts  from t h e  r a d i o a c t i v e  sample, a  coun t ing  t i m e  of 225 minu tes  i s  
completely inadequa te  i f  one d e s i r e s  t o  count t h e  r a d i o a c t i v e  sample wi th  a  
probable  10% e r r o r ,  One would have t o  count a t  l e a s t  100 t i m e s  as long ,  o r  
22,500 minu tes ,  t o  ach ieve  about a  10% e r r o r .  A t  t h i s  v e r y  l o n g  c a m t i n g  t ime 
t h e  probable  e r r a r  i n  t h e  background (+ - 2700 o u t  of 2,700,000 counirs) would 
he 10% of t h e  caxmts o f  t h e  r a d i o a c t i v e  sarriple ( 1 - 2  x 22,500 = 21,000). However, 
22,500 minutes (a l i t t l e  l e s s  than 16 days)  i s  an i n c o n v e n i e n t l y  Iengthy t ime 
Total Counts 
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The second q u e s t i o n  asked a t  t h e  beg inn ing  o f  t h i s  s e c t i o n  (cdn t h e  r e s u l t -  
ing d l s i n t e g r a r i o n s  be  counted?) w i l l  now be r e l a t e d  eo the f i r s r  q u e s t i o n  
(can a s u i t a b 7 y  l a r g e  d i s i a t e g r a t i o n  r a t e  b e  a c ~ a i n e d ? ) ,  A g rea t  dea l  depends 
on what t y p e  of emiss ion  i s  be ing  counred,  T h i s  scudy was r e s t r i c t e d  t o  t h e  
coun t ing  o f  gammas, Gamma r a y s  a r e  v e r y  p e n e t r a t i n g  and a r e  e a s i l y  counted,  
By c o n t r a s t  charged p a r t i c l e s  such  as b e t a s  i n t e r a c t  r e a d i l y  w i t h  m a t t e r  
and may p o s s e s s  low p e n e t r a b i l i t y .  Consequent ly ,  b e t a s  can b e  counted w i t h  
g r e a t e r  e f f o r t  and a t  a s a c r i f i c e  i n  s e n s i t i v i t y .  F o r t u n a t e l y ,  p r a c t i c a l l y  
a l l  comiion m e t a l s  have a t  l e a s t  one gamma-emittiqg i s o t o p e  t h a t  can b e  
p repared ,  i f  n o t  by the rmal  n e u t r o n  a c t i v a t i o n ,  t h e n  by some o t h e r  means. 
It  must b e  unders tood  t h a t  one d i s i n t e g r a t i o n  does  n o t  correspond t o  o n e  
coun t ,  For some i s o t o p e s  o n l y  a  f r a c t i o n  o f  t h e  d i s i n t e g r a t i o n s  y i e l d  
garmas. Consider  chromium-51, iron-59,  and zinc-65, t h e  on ly  gamma emitters 
formed by t h e  the rmal  n e u t r o n  a c t i v a t i o n  of any n a t u r a l l y  ~ c c u r r i n g  i s o t o p e s  
of t h e s e  m e t a l s .  
1 U- = 16 b a r n s  
24 cr5'(4.43 abundance) f n  0 
I 
F ~ ~ ~ ( o .  33% abundance) i n 1 r= 1 b a r n  59 2 6 0 * ~ 6 ' ~  
6 4 3oZn (46.9% abundance) 4- n  1 r= 0.5 b a r n  
0 
The r a d i o i s o t o p e s  t h u s  fonned s u b s e q u e n t l y  decay l a r g e l y  by t 
schemes : 
C 5 1 
2 4 
10 
59 C O ~  4- 1-10 Mev 'rP (57%) 
~6~~ 2 7 ,I, 29 Mev d ( 4  3%) 
,/3- emission 
2gCu 65 (1.5%) 
Zn 65 (53%) 
30 29 Cu 
t o  e x c i t e d  s t a t e  ~u~~ + 1.12 Mev X (45.5%) 
29 
T h e s e  decay processes  i nvo lve  charged p a r t i c l e  i n t e r a c t i o n s  followed by gamma 
emission. Chromium-51 decays by e l e c t r o n  conversion,  g iv ing  one 0.32 Mev gamma 
f o r  every t e n  d i s i n t e g r a t i o n s .  Iron-59, however, decays by-be ta  emission 
g iv ing  two gammas of about  1 Mev energy i n  va ry ing  propor t ions .  I n  one type  
of d i s i n t e g r a t i o n  (57% of t h e  t ime) a 1.10 llev gamma i s  emi t ted ,  w h i l e  i n  t h e  
remaining 43% of t h e  d i s i n t e g r a t i o n s ,  a 1 ,29 Mev gamma i s  emit ted.  Thus, 
, 
i f  one counts  t h e  1.29 Mev gamma emissions,  one w i l l  b e  a b l e ' t o  r eco rd  no 
more than  43 counts  o u t  of  every 100 d i s i n t e g r a t i o n s .  Zinc-65 decays i n  a 
f a i r l y  complicated manner, proceeding by p o s i t r o n  emission (1.5%)$ e l e c t r o n  
conversion t o  t h e  ground s t a t e  (53%),  and e l e c t r o n  conversion t o  a n  e x c i t e d  
s t a t e  (45.5%) w i t h  accompanying 1,12 Mev gamma emission,  
I 
I 
i It must a l s o  be  understood t h a t  a de tec tor -counter  u n i t  i s  n o t  100% e f f i c i en t . .  
1 This  i s  because of  imperfec t ions  i n  t h e  equipment, geometr ica l  cons ide ra t ions  
! 
j t h a t  limit t h e  number of gammas t h a t  can be  captured  by t h e  d e t e c t o r ,  and t h e  
1 p e n e t r a b i l i t y  of gammas which permi ts  some gammas t o  pass  unhindered through 
t h e  d e t e c t o r .  
A beam of ganmas of i n t e n s i t y  I i s  a t t e n u a t e d  i n  accordance wi th  t h e  equa t ion  
0 
I = = I  €2 -/ x (11) 
0 
I 
where 1 is the intensity a f t e r  passing a distance x t I i ro~igh the material, 
The J_Lnr.,ar c73sorption c a e f f i c i e n t , y  , I s  a f u n e r i s n  o f  t he  n'iatc;rir;i arid 
the  encrgy of gammas. For exsri~ple, f o r  1 Mev garmas p a s s i n g  t h r o u g h  n e t z l l i c  
-1 
a t d m i n u m , p  i s  a - 4 3  inch  This means t h a t  t h e  beam i n t e n s i t y  l a  a t t e n u a t e d  
by a  f a c t o r  of 2  f o r  each 1 . 6  i n c h e s  of aluminum through which t h e  beam passes .  
I n  g e n e r a l  p e n e t r a b i l i t y  decreases  w i t h  decreas ing  gamma energy,  do t h a t  t h e  
d e t e c t o r  e f f i c i e n c y  f o r ,  s a y ,  cr5' gammas (0.32 Mev) i s  h i g h e r  thad f o r  Zn 65 
gammas (1.12 Mev) . 
The above 1 i m i t G i o n s  on d e t e c t o r  e f f i c i e n c y  o p e r a t e  t o g e t h e r  t b  hake t h e  
3  inch  x  3  inch  c y l i n d r i c a l  NaI w e l l  d e t e c t o r  used i n  t h i s  s t u d y  dn ly  about  
15% e f f i c i e n t  f o r  1 Mev gammas. 
The q u e s t i o n s  asked a t  t h e  beginning of t h i s  s e c t i o n  w i l l  now be answered 
f o r  t h e  meta l s  chromium, i r o n ,  and z i n c .  For purposes of i l l u s t r a t i o n ,  t h e  
d e t e c t i o n  l i m i t  f o r  t h e  a c t i v a t i o n  a n a l y s i s  of z i n c  w i l l  be calcki la ted i n  
d e t a i l .  C a l c u l a t i o n s  f o r  irori ,  chromium, and o t h e r  meta l s  a r e  8i t t i i lar .  
2  Assume a  f l u x  of 8 x 1012 n e u t r o d ~ / c m  / s e c  ( t h e  f l u x  encountered i n  t h e  
Washington S t a t e  f fn ivers i ty  r e a c t 0 2  dur ing  t h i s  program),  an ac t l iga t ion  time 
of  36,000 seconds (10 h o u r s  i s  about t h e  maximum tiine t h e  r e d c t b t  t a n  b e  
con t inuous ly  r u n  dur ing  one working day) ,  and t h a t  a  sample codat  r a t e  of one 
t e n t h  background (0.2 count p e r  second) is  t h e  minimum count r a t e  t h a t  w i l l  . 
permit  coun t ing  t i m e s  o f  r easonab le  l e n g t h  (no more than  a  few HaGrs). S ince  
t h e  d e t e c t o r  e f f i c i e n c y  i s  about 15% f o r  1 Mev gammas and s i n c e  o d y  46% 
of t h e  d i s i n t e g f a t i o n s  y i e l d  t h e  coun tab le  1 ,12  Mev gamma, a  d i s i n t e g r a t i o n  
r a t e  s l i g h t l y  g r e a t e r  than  t h e  background count r a t e  is  r e q u i r e d  C-dN/dt = 
( 0 , 2 ) / ( 0 . 1 5 )  (0.46) = 2.9  d i s , / s e c , ) .  
6 4  I f  one then  s u b s t i t u t e s  t h e  above numbers a long w i t h  t h e  p roper  Zn c r o s s  
2  
s e c t i o n  ( = 0.5 x cm ) and 2 2 . 1 ~ ~  d i s i n t e g r a t i o n  constank ( h 
-1 3.275 x 10" see ) i n t o  equa t ion  ( a ) ,  a v a l u e  of N = 6.15 x 10" gft 6 5 
0 -
atoms is  o b t a i n e d ,  The d e t e c t i o n  l i m i t  i n  grams is  t h e n  given by 
M 14 L i m i t  i n  grams = ( u )  (W) := j b , l . 5  x 10 ) (65,381 +3 
-- -- 
( f )  (A> (-4891 ( 6 - 0 2  x 10 
where W is  t h e  atomic weight of z i n c ,  f i s  the f r a c t i o n a l  n a t u r a l  abundance 
of zinc-44,  and A i s  Avogadro's number, Since t h e  NaP d e t e c t o r  w e l l  used i n  
t h i s  s t u d y  had a u s a b l e  volume of about 15cc  (cor respond ing  t o  about 15g 
o f  a  p r o p e l l a n t  such a s  N H ) ,  t h e  d e t e c t i o n  l i m i t  of z i n c  i n  p a r t s  p e r  
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m i l l i o n  i s  (1 ,36 x  10 ) (10 ) I 1 5  = .009 ppm. Th i s  d e t e c t i o n  l i m i t  cou ld  
b e  improved s e v e r a l  o r d e r s  of magnitude by a c t i v a t i n g  i n  a  h i g h e r  f l u x  f o r  
a  longer  t ime and by coun t ing  f o r  a  l o n g e r  p e r i o d .  However, one  must b e  
w i l l i n g  t o  pay t h e  p e n a l t y  of t h e  i n c r e a s e d  t imes  and /o r  i n c r e a s e d  c o s t .  
Similar c a l c u l a t i o n s  f o r  i r o n  and chromium y i e l d  d e t e c t i o n  l i m i t s  of c l o s e  t o  
0 . 1  ppm f o r  i r o n  and 0 .001 ppm f o r  chromium. The low n a t u r a l  abundance of 
i ron-58,  (0.33%) i s  l a r g e l y  r e s p o n s i b l e  f o r  t h e  d e t e c t i o n  s e n s i t i v i t y  b e i n g  
less than  t h a t  of z i n c  and chromium. Although zinc-64 h a s  a  h i g h  n a t u r a l  
abundance, t h e  low c r o s s  s e c t i o n  of zinc-64 and long  h a l f  l i f e  of zinc-65 
a r e  r e s t r i c t i n g  f a c t o r s .  The d e t e c t i o n  s e n s i t i v i t y  f o r  chromium i s  h i g h ,  
i n  p a r t  due t o  t h e  h igh  c r o s s  s e c t i o n  of chromium-50 (16 b a r n s )  and i n  p a r t  
t o  t h e  s h o r t  h a l f  l i f e  of chromium-51 (27 d a y s ) .  Also ,  t h e  d e t e c t o r  e f f i c i e n c y  
f o r  a  (3.33 Mev gamma i s  h i g h e r  than  t h a t  f o r  a  1.1 t o  1 . 3  Mev gamma (about  
30 compared t o  15% i n  t h e  system employed i n  t h i s  s t u d y ) .  
The a b s o l u t e  d e t e c t i o n  l i m i t s  f o r  t h e s e  and o t h e r  m e t a l s  i s  determined by t h e  
s a t u r a t i o n  a c t i v i t y  a t t a i n a b l e  i n  accordance w i t h  e q u a t i o n  ( 6 ) .  A s  n o t e d  above, 
t h e  d e t e c t i o n  l i m i t  f o r  i r o n  by neu t ron  a c t i v a t i o n  a n a l y s i s  is about  0 . 1  ppm 
( lov6 g  Fe i n  a 1 0  g sample) u s i n g  t h e  a c t i v i t y  c a l c u l a t e d  from e q u a t i o n  ( 7 )  
f o r  a 10 hour  a c t i v a t i o n  i n  a  f l u x  of 8 x 1012 . The r a t i o  of e q u a t i o n s  (6)  
and ( 7 )  i s  g iven  by (11 ) / t  , which i s  t h e  a c t i v i t y  a t  sat11,ration compared 
t o  t h e  a c t i v i t y  a t  t ime t .  For  iron-59 t h i s  r a t i o  i s  156 assuming t = 10 
h o u r s ,  which means t h a t  t h e  d e t e c t i o n  l i m i t  can be dec reased  by a f a c t o r  of  
156 by a c t i v a t i n g  t o  s a t u r a t i o n  ( s e v e r a l  months would be  r e q u i r e d ) .  The 
s i m p l e s t  method of  d e c r e a s i n g  t h e  d e t e c t i o n  l i m i t  i s  t o  a c t i v a t e  i n  a h i g h e r  
f l u x ,  and t h e r e  i s  no problem i n  a t t a i n i n g  a  f l u x  i n  some r e a c t o r s  two o r d e r s  
15 02 m a g n i ~ u d e  higher (approaching 10 ) than the 8 x 10'~ encountered i n  t h e  
WSU r e a c t o r .  Thus t h e  a b s o l u t e  d e t e c t i o n  l i m i t  f o r  i r o n  by neu t ron  a c t i v a t i o n  
a n a l y s i s  would be  approximately f o u r  o r d e r s  of magnitude l e s s  t h a n  t h e  0 . 1  
ppm mentioned above, o r ,  0.0001 ppm. This  assumes a c t i v a t i o n  t o  s a t u r a t i o n  i n  
a f l u x  o f  8  r 1014 followed by a  reasonably  s h o r t  count ing t ime i n  t h e  equipment 
used i n  t h i s  program. Longer count ing t imes i n  more e l a b o r a t e  equipment would 
g i v e  even lower d e t e c t i o n  l i m i t s .  Note t h a t  t h e  above l i m i t  is t h e  d e t e c t i o n  
l i m i t  f o r  a c t i v a t i o n  a n a l y s i s ,  n o t  t h e  d e t e c t i o n  l i m i t  a t  which commercially 
a v a i l a b l e  iron-59 t r a c e r s  can be  counred.  Th is  would b e  even lower ,  because  
58 
such t r a c e r s  a r e  prepared by a c t i v a t i n g  i s o t o p i c a l l y  pure  Fe ( ~ e ~ ~  o c c u r s  
n a t u r a l l y  t o  t h e  e x t e n t  of only  0.33% i n  e l e m e n t a l  i r o n . )  The d e t e c t i o n  l i m i t  
would t h u s  be  a  f a c t o r  of 300 lower ,  o r  less than 0.0000001 ppm, f o r  such a  
t r a c e r .  Tracers  prepared i n  t h i s  way were used i n  Task 2 of t h i s  program. 
4 , 0  EXPERIbENTAL SECTION 
4-1 Task L - Thermal Neutron Activation Analysis 
The purpose of Task 1 was to develop thermal  neu t ron  a c t i v a t i o n  as a  method 
of  ana lyz ing  q u a n t i t a t i v e l y  f o r  m e t a l s  d i s s o l v e d  o r  d i s p e r s e d  i n  l i q u i d  
p r o p e l l a n t s .  For purposes o f  demons t ra t ion ,  t h e  exper imenta l  e f f o r t  w a s  
l i m i t e d  t o  t h e  meta l s  i r o n ,  z i n c ,  and chromium and t h e  p r o p e l l a n t s  n i t r o g e n  
t e t r o x i d e  and hydraz ine .  
I n  theory  one could  c a l c u l a t e  t h e  amount o f  m e t a l  p r e s e n t  i n  an  a c t i v a t e d  
p r o p e l l a n t  sample making use  of e q u a t i o n  (8) .  I n  p r a c t i c e ,  however, e x a c t  
measurement of v a r i a b l e s  such a s  t h e  coun t ing  e f f i c i e n c y  of  t h e  d e t e c t o r  
and t h e  the rmal  neu t ron  f l u x  i n  t h e  r e a c t o r  i s  d i f f i c u l t .  Also t h e  c r o s s  
s e c t i o n s  a r e  n o t  a c c u r a t e l y  known f o r  some i s o t o p e s .  Consequently,  t h e  a n a l y s e s  
were made w i t h  t h e  a i d  of s t a n d a r d s  a s  d i s c u s s e d  i n  t h e  fo l lowing  pa ragraphs .  
4.1.1 Procedure  
In g e n e r a l  t h e  a n a l y t i c a l  procedure  c o n s i s t e d  of f i v e  s t e p s :  (1)  p r e p a r a t i o n  
of p r o p e l l a n t  samples ;  (2)  p r e p a r a t i o n  o f  s t a n d a r d s ;  ( 3 )  a c t i v a t i o n ;  (4)  count-  
i n g ;  and (5) r e s o l u t i o n  o f  s p e c t r a .  
4.1.1.1 P r o p e l l a n t s  
Both "wet" and "dry" a n a l y s e s  were performed. I n  t h e  c a s e  o f  t h e  wet a n a l y s e s  
10  grams o f  t h e  l i q u i d  p r o p e l l a n t  w a s  s e a l e d  i n  a q u a r t z  tube  p r i o r  t o  
a c t i v a t i o n ,  The N H (MIL-P-26536C) w a s  o b t a i n e d  from Ol in  Mathieson Co. and 2  4  
t h e  N204 (MSC-PPD-2A) was ob ta ined  from Southwest Po tash  Corporat ion.  The 
q u a r t z  t u b e s  were s e a l e d  w i t h  t h e  a i d  of an  acetylene-oxygen t o r c h  a f t e r  
f r e e z i n g  t h e  c o n t e n t s  of  t h e  tubes  i n  t h e  p resence  o f  a  s t r e a m  of  d ry  hel ium.  
The d ry  a n a l y s e s  were accomplished by a c t i v a t i n g  t h e  r e s i d u e  l e f t  a f t e r  
evapora t ing  10  grams of t h e  p r o p e l l a n t  t o  dryness  w i t h  t h e  a i d  of a  s t r e a m  of 
dry  n i t r o g e n  gas .  Q u a r t z ,  polypropylene,  and po lye thy lene  tubes  were employed 
f o r  the  d r y  a n a l y s e s ,  
4.1.1.2 Standards  
Both w e t  and dry s t a n d a r d s  were prepared,  It was necessa ry  t o  have two s e t s  
of s t a n d a r d s  because t h e  d i f f e r e n c e s  i n  geomet r ica l  d i s t r i b u t i o n  of t h e  
r a d i o a c t i v e  contaminants i n  t h e  wet and d r y  c a s e s  r e s u l t  i n  s l i g h t l y  d i f f e r e n t  
count ing e f f i c i e n c i e s .  In  t h e  d ry  c a s e  t h e  r a d i o a c t i v i t y  i s  concen t ra ted  i n  
t h e  bottom of t h e  c o n t a i n e r  tube ,  This p l a c e s  t h e  sample deeper  w i t h i n  t h e  
Nal d e t e c t o r  w e l l  where more of t h e  gammas can be  c a p t u r e d ,  producing a  somewhat 
h i g h e r  count r a t e  t h a n  i n  t h e  c a s e  of t h e  wet s t a n d a r d s  ( s e e  Table 2 ) .  
The c a l i b r a t i o n  t u b e s  c o n s i s t e d  of 19 mm O.D. polypropylene,  po lye thy lene ,  and 
q u a r t z  tubes .  T h e . q u a r t z  tubes  were ob ta ined  from Engelhardt  Inc .  and t h e  
polypropylene and po lye thy lene  tubes  from Van Waters and Rogers ( C a t .  Nos. 
60817-245 and 16448-081, r e s p e c t i v e l y ) ,  Pure q u a r t z  and hydrocarbon p l a s t i c s  
do n o t  a c t i v a t e  t o  g i v e  any i n t e r f e r i n g  r a d i a t i o n .  The s i l i con-30  i n  q u a r t z  
a c t i v a t e s  t o  y i e l d  s i l i c o n - 3 1 ,  a  gamma e m i t t e r  (1.26 Mev), b u t  t h e  h a l f  l i f e  
i s  so  s h o r t  (2-62 hours )  t h a t  a f t e r  a  coup le  of days t h e  r a d i o i s o t o p e  h a s  
decayed t o  n e g l i g i b l e  p r o p o r t i o n s .  L igh t  atoms such a s  hydrogen, carbon,  
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n i t r o g e n ,  and oxygen do n o t  a c t i v a t e  t o  any a p p r e c i a b l e  e x t e n t ,  T r i t i u m  (lH ) 
and carbon-14 a r e  b o t h  b e t a  emitters and a r e  produced i n  such minute amounts 
t h a t  they a r e  t o  b e  regarded as completely i n c o n s e q u e n t i a l .  
Wet s t a n d a r d s  were prepared by adding t o  t h e  polypropylene tubes  aqueous 
s o l u t i o n s  of f o u r  c o n c e n t r a t i o n s  of each meta l  (1 ,  10 ,  100, and LOO0 ppm). 
Reagent grade i r o n ,  z i n c ,  and ammonium dichromate  w e r e  employed as primary 
s t a n d a r d s .  The i r o n  and z l n c  s o l u t i o n s  were prepared by d i s s o l v i n g  weighed 
amounts o f  t h e  meta l s  i n  a  s m a l l  aaount of n i t r i c  a c i d  and d i l u t i n g  t h e  
r e s u l t i n g  meta l  n i t r a t e  s o l u t i o n s  w i t h  enough water t o  g i v e  c o n c e n t r a t i o n s  of 
LOO0 ppm, Success ive  d i l u t i o n s  then y i e l d e d  s o l u t i o n s  of 100, 1 0 ,  and 1 ppm. 
The amm~niiam dich?;omate was weighed ou t  and d i s s o l v e d  d i r e c t l y  i n  wa te r  t o  g i v e  
the initial concentration o f  lODO ppm, The s-ilbstances a m o n i u m  dichromate ,  
meta l l ic  i r o n ,  and n1era1ii.c z i n c  were chosen in part because  t he  other atoms 
introduced inro the r e s u l r i n g  s o l u t i o n  (hydrogen, n i t r o g e n ,  and oxygen) do n o t  
activate t o  give i n t e r f e r i n g  gamma emiss ions ,  A complete set of s t a n d a r d s  (1000, 
100, 10 and I ppm f o r  each of the three metals) was made on ly  t n  t h e  c a s e  of 
t h e  polypropylene t u b e s ,  
m e  dry s t a n d a r d s  were prepared by s t a r t i n g  w i t h  a  s e t  of s o l u t i o n s  i d e n t i c a l  
t o  t h e  wet s t a n d a r d s ,  p l a c i n g  t h e  tubes  i n  a  vacuum d e s i c c a t o r ,  and e v a p o r a t i n g  
t h e  c o n t e n t s  t o  d ryness .  The wa te r  used f o r  bo th  the wet and dry  s t a n d a r d s  was 
o b t a i n e d  from a  Barnstead d e m i n e r a l i z e r  us ing  a  mixed-bed type  i o n  exchanger .  
A l l  t ubes  were h e r m e t i c a l l y  s e a l e d  t o  p reven t  r e a c t o r  w a t e r  from l e a k i n g  i n t o  
t h e  t u b e s .  The q u a r t z  t u b e s  were s e a l e d  w i t h  an  acetylene-oxygen t o r c h ,  and 
t h e  p l a s t i c  t u b e s  were s e a l e d  by p l a c i n g  a  t i g h t  f i t t i n g  p l a s t i c  cap i n  t h e  
mouth of t h e  t u b e  and f u s i n g  t h e  two t o g e t h e r  w i t h  a  h o t  g l a s s  rod .  
4 .1 .1 .3  F a c i l i t i e s  and Equipment 
The a c t i v a t i o n  was performed i n  t h e  Washington S t a t e  U n i v e r s i t y  r e a c t o r . .  
The i r r a d i a t i o n  was c a r r i e d  o u t  f o r  10.87 h o u r s  a t  a  the rmal  n e u t r o n  f l u x  
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of about  8  x  1012 n e u t r o n s  p e r  cm p e r  s e c .  The cadmium r a t i o  ( t h e  r a t i o  of 
the rmal  neu t rons  t o  f a s t  n e u t r o n s )  was 10  and t h e  gamma dose  r a t e  was about  
7 5 x 1 0  r a d s  p e r  hour .  
The r e a c t o r  is of t h e  swimming pool  type .  The samples were loaded i n t o  f o u r  
2 718" x 20" i r r a d i a t i o n  t u b e s  which were a d j a c e n t  t o  t h e  c o r e  of t h e  r e a c t o r .  
The t u b e s  were of such a  s i z e  t o  accommodate t h e  p resence  of  t h r e e  bund les  
o f  s i x  s t a n d a r d s  p e r  tube .  The t h r e e  bund les  were s t a c k e d  on t o p  of one a n o t h e r .  
These t u b e s  were r o t a t e d  d u r i n g  t h e  i r r a d i a t i o n  p e r i o d  t o  i n s u r e  a  uniform 
f l u x .  I r o n  w i r e s  ( f i v e  i n c h e s  long ,  0.009 i n c h  d iamete r )  were p l a c e d  i n  each 
bundle  of s t a n d a r d s  s o  t h a t  t h e  f l u x  could  be  measured, The d i f f e r e n t  
bundles  of samples and s t a n d a r d s  could then  b e  r e l a t e d  t o  one a n o t h e r  even 
though each might have been exposed t o  a  s l i g h t l y  d i f f e r e n t  f l u x .  
The gamma coun t ing  was accomplished wi th  a 3" by 3" sodium i o d i d e  s c i n t i l l a t i o n  
d e t e c t o r  w i t h  I" x 1 112" w e l l  (Harshaw Company). The m u l t i p l e  pho to tube  
o u t p u t  was a m p l i f i e d  by a  charge  s e n s i t i v e  p r e a m p l i f i e r  of Boeing 's  own 
design followed by a  Techn ica l  Measurements Model CN 1024 mul t i -channel  
a n a l y z e r  w i t h  a t a b u l a r  p r i n t o u t ,  
4 . l . l , 4  Gama Counting and S p e c ~ r a  Resolution 
The f i n a l  s t e p  i n  t h e  a n a l y t i c a l  procedure  was t o  count t h e  a c t i v a t e d  
5 9 p r o p e l l a n t  samples and compare t h e  count r a t e s  corresponding t o  Fe 
~ n ~ ~ ,  and cr51 w i t h  t h o s e  of t h e  s t a n d a r d s .  This  i s  a  s imple  m a t t e r  i f  on ly  
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one component ( e - g . ,  Zn ) i s  p r e s e n t .  I f  s e v e r a l  components are p r e s e n t  
( e  .g., ~e~~~ Zn659 C r 5 1 9  and o t h e r  meta l  i m p u r i t i e s  such a s  ~u~~ and Co60) 
then  t h e  d i f f e r e n t  s p e c t r a  over lap  one a n o t h e r  and must be  r e s o l v e d .  
F igure  2 shows s p e c t r a  o f  cr5', znh5, Fe5', and t h e i r  sum. I f ,  f o r  example, 
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only  Zn were p r e s e n t ,  then one would s imply determine t h e  a r e a  (count  r a t e )  
under  t h e  1 - 1 2  Mev peak (perhaps i n  t h e  energy range 1 ,02 t o  1.22 Mev) and 
match t h i s  a r e a  ( c o r r e c t e d  f o r  background) t o  t h e  a r e a  of a  s t a n d a r d .  
59 I f ,  however, Fe were a l s o  p r e s e n t ,  t h e  count due t o  t h e  1.10 Ivlev peak of Fe  59 
would cause  c o n s i d e r a b l e  i n t e r f e r e n c e  a s  shorn  i n  t h e  sum curve  o f  F i g u r e  2 .  
There i s  a l s o  background i n t e r f e r e n c e  from t h e  1 - 2 9  Mev peak of i r o n .  
Th is  background is due l a r g e l y  t o  Compton s c a t t e r i n g ,  which causes  a  peak t o  
r a i l  a t  t h e  low energy s i d e .  Th is  t a i l i n g  d e r i v e s  i t s  o r i g i n  from s c a t t e r i n g  
of t h e  gammas (which a r e  e m i t t e d  ar a  d i s c r e t e  energy)  by e l e c t r o n s  which 
produces a  s u c c e s s i v e  r e d u c t i o n  i n  energy of a  f r a c t i o n  of t h e  gammas. 
One method of r e s o l u t i o n  which was s u c c e s s f u l l y  employed i n  t h i s  program was 
t h e  p r o g r e s s i v e  s u b t r a c t i o n  of s t a n d a r d  s p e c t r a  of i r o n ,  z i n c ,  and chromium. 
To i l l u s c r a t e  t h i s  p r o c e s s  cons ider  Figure  2 ,  R e f e r r i n g  t o  t h e  sum spec t rum,  
one can s e e  t h a t  t h e r e  a r e  t h r e e  major peaks: t h e  f i r s t  a t  0.32 Mev due t o  
C r  p l u s  background from Fe and Zn; t h e  second a t  about 1-1 Mev due t o  t h e  sum 
of t h e  l - 1 0  Mev peak of Pe, t h e  l , l 2  Mev peak of Zn, and background from t h e  
1 - 2 9  Nev peak of Fe; and t h e  t h i r d  a t  about l , 3  Mev, due almost e n t i r e l y  t o  Fe. 
The r e s o l u t i o n  process c o n s i s t e d  02 s u b t r a c t i n g  a s t a n d a r d  Zn spectrum ( w i t h i n  
ct. inuZtickanneP analyzer u n i t )  u n t i l  the r a t i o  of the a r e a s  (or ,  more s imply ,  
the h e i g l i t s )  o f  t he  p e a s  at 2,1 and 1-3 Mev was e q u a l  to the  ratio of t h e  
areas (oi- 17eightsl  of t h e  ?<I0 and k 29 t4ev p e a k s  of pure Fe, A s t a n d a r d  
Fe specrrum was c"nn s u b t r a c r e d  u n t i l  the peaks a t  L,P and 1 - 3  &v disappeared; 
o n l y  t h e  C r  peak ac 0.32 Mev then  remained, 
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This  s u b t r a c t i o n  p r o c e s s  is  e a s i l y  done,  bur  can become ~ e d i o u s  i f  many 
s p e c t r a  must b e  analyzed.  Consequently,  t h i s  c o n t r a c t u a l  e f f o r t  made u s e  of 
t h e  SHIFTY 111 computer program, a l i n e a r  l e a s t  s q u a r e s  f i t t i n g  program f o r  
t h e  i s o t o p i c  a n a l y s i s  o f  gamma ray  s p e c t r a .  
4.1.2 R e s u l t s  and Discuss ion  of Task 1 
4-1 .2 .1  S tandards  
The i r r a d i a t i o n  of t h e  s t a n d a r d s  was s u c c e s s f u l l y  accomplished,  a l t h o u g h  
a l l  t h r e e  c o n t a i n e r  m a t e r i a l s  con ta ined  t r a c e s  of e lements  which a c t i v a t e d  t o  
g i v e  i n t e r f e r i n g  gamma s p e c t r a ,  Furthermore,  polypropylene underwent 
s i g n i f i c a n t  r a d i a t i o n  damage, caus ing  two of  t h e  tubes  t o  become b r i t t l e  and 
c r a c k ,  These and o t h e r  r e s u l t s  a r e  summarized i n  Table  1. 
TABLE 1, Comparison o f  Conta iner  M a t e r i a l s  
M a t e r i a l  Comments 
Po lye thy lene  I n  g e n e r a l ,  t h e  b e s t  m a t e r i a l  t e s t e d .  No s i g n i f i c a n t  
r a d i a t i o n  damage and a  low background (comparable 
t o  n a t u r a l  background).  
Polypropylene Marginal  a s  a  c o n t a i n e r  m a t e r i a l .  Appreciable  r a d i a t i o n  
damage ( tubes  became b r i t t l e )  w i t h  background abou t  10  
t i m e s  t h a t  of po lye thy lene .  
Quartz Although r a d i a t i o n  damage w a s  n o t  a f a c t o r ,  i m p u r i t i e s  i n  
t h e  q u a r t z  a c t i v a t e d  t o  produce a  ve ry  high background 
(about  100 t i m e s  t h a t  of p o l y e t h y l e n e . )  
The on ly  i m p u r i t i e s  p o s i t i v e l y  i d e n t i f i e d  were sodium i n  both  po lye thy lene  
end polypropylene and z i n c  i n  q u a r t z ,  There were v a r i o u s  s h o r t  l i v e d  i s o t o p e s  
p r e s e n t  t h a t  decayed away in a matter of  a day or two and longer  lived i s o t o p e s  
such  as sodium-24 (half l i f e ,  25 hours) t h a t  were gone i n  a week" ttime, 
However, t h e r e  were  longer Lived isobopes  present whose a c t i v i t y  s t l l l  p e r s i s t e d  
a f t e r  one week, ~ j o r  gamma peaks a f t e r  one week's decay were found a t  t h e  
fo l lowing  e n e r g i e s  ( i n  Mev): po lye thy lene ,  0 - 4 0  ( h a l f  l i f e ,  about  70 h o u r s ) ;  
polypropylene,  0.40 (half l i f e ,  about 30 hours), 0.56 (half life, about 30 h o u r s ) ;  
q u a r t z ,  b ,  3.2 Mev (due t o  z i n c ) ,  
Table  1 i n d i c a t e s  t h a t  t h e  backgrounds of t h e  polypropylene and q u a r t z  t u b e s  
were r e s p e c t i v e l y  one and two o r d e r s  of magnitude h i g h e r  than t h e  p o l y e t h y l e n e  
t u b e s .  S ince  the ,method  of manufacture  of t h e  t u b e s  can s t r o n g l y  a f f e c t  t h e  
i m p u r i t y  c o n t e n t ,  t h e  above background l e v e l s  shou ld  n o t  b e  cons ide red  t y p i c a l  
of  po lye thy lene ,  polypropylene,  and q u a r t z  i n  g e n e r a l ,  b u t  r a t h e r  t h e  v a l u e s  
f o r  t h e s e  s p e c i f i c  t u b e s .  
To avoid c o r r e c t i n g  f o r  t h e  background of t h e  t u b e s ,  t h e  c o n t e n t s  were s imply 
t r a n s f e r r e d  t o  u n a c t i v a t e d  19  mrn g l a s s  t e s t  t u b e s .  I n  t h e  c a s e  of t h e  d r y  
s t a n d a r d s ,  t h e  p r e c i p i t a t e  i n  t h e  bottom of t h e  t u b e  was s imply r e d i s s o l v e d  i n  
1 0  grams of  w a t e r  b e f o r e  t r a n s f e r r i n g  t o  t h e  t e s t  tube .  The r e s u l t i n g  
s o l u t i o n  was then used as a  wet s t a n d a r d  o r  r e -evapora ted  t o  t h e  d r y  s t a t e  
a s  d e s i r e d .  
A s p e c i a l  d i f f i c u l t y  was encountered w i t h  t h e  wet chromium s t a n d a r d s .  A f t e r  
i r r a d i a t i o n  a  green p r e c i p i t a t e  was no ted  i n  t h e  bottom of t h e  t u b e s ,  The 
p r e c i p i t a t e  w a s  n o t  i d e n t i f i e d ,  b u t  t h e  c o l o r  was s u g g e s t i v e  of a  C r  (111) 
compound. It i s  p o s s i b l e  t h a t  r a d i a t i o n  i n  t h e  r e a c t o r  induced r e d u c t i o n  
of t h e  (NH4)2 Cr201 t o  a  C r  (111) compound. The p resence  of a  p r e c i p i t a t e  
i n  t h e  bottom of  t h e  tube  i s  o b j e c t i o n a b l e ,  because  t h e  g e o m e t r i c a l  d i s t r i b u t i o n  
of t h e  C,rS1 atoms would be  c l o s e r  t o  t h a t  of a d ry  s t a n d a r d .  
The wet s t a n d a r d s  were used t o  check t h e  l i n e a r i t y  of t h e  d e t e c t o r  a s  a  
f u n c t i o n  of count r a t e ,  F i g u r e  3 shows a  p l o t  of count r a t e  v e r s u s  m e t a l  
c o n c e n t r a t i o n  f o r  t h o s e  s t a n d a r d s  f o r  which d a t a  were a v a i l a b l e .  A s  can b e  
s e e n ,  t h e r e  were no d e v i a t i o n s  from l i n e a r i t y ,  T h i s  means t h a t  on ly  one 
s tandard  a t  any c o n c e n t r a t i o n  would be s u f f i c i e n t  t o  perform a n a l y s e s  of  
p r o p e l l a n t s  c o n t a i n i n g  m e t a l s  whose c o n c e n t r a t i ~ n  v a r i e d  over  many o r d e r s  of  
magnf ttlde. 
COUNTS PER mNUTE -ABOVE BACKGROUND 
FIGURE 3: M D I O B C T T f l  mTAL C O N C E N T M T I O N  AS A FUNCTION O F  COUNT RATE 
The s t a n d a r d s  were a l s o  used t o  compare t h e  count r a t e  r e l a t i o n s h i p  hetween 
t h e  wet and dry  s t a t e .  Table  2 shows t h a t  i n  g e n e r a l  t h e  count r a t e  f o r  t h e  
dry  s t a n d a r d s  was about 30% g r e a t e r  than  t h e  count r a t e  f o r  t h e  wet s t a n d a r d s .  
Th i s  i n e q u a l i t y  i s  exp la ined  by d i f f e r e n t  coun t ing  e f f i c i e n c i e s  which a r i s e  
from t h e  d i f f e r e n t  geomet r i ca l  d i s t r i b u t i o n s  of t h e  r a d i o a c t i v e  atoms. 
Absorpt ion of  gammas by t h e  w a t e r  of t h e  wet s t a n d a r d s  i s  almost  n e g l i g i b l e  
and would n o t  c o n t r i b u t e  t o  t h e  i n e q u a l i t y  i n  count r a t e .  The t a b l e  i n c l u d e s  
a l l  wet-dry p a i r s  f o r  which a  comparison cou ld  be made. A few s a m ~ l e s  were 
ru ined  d u r i n g  t h e  i r r a d i a t i o n  p rocess  because  of  leakage o f  w a t e r  i n t o  o r  o u t  
of t h e  t u b e s  and f o r  some samples t h e  background of t h e  polypropylene tubes  
i n t e r f e r e d  t o o  much. The two members of any wet-dry p a i r  were counted f o r  
e q u a l  t imes  such t h a t  about 50,000 coun t s  were recorded f o r  each p a i r .  
The counts  were c o r r e c t e d  f o r  f l u x  ( s e e  S e c t i o n  4 .1 ,2 ,3 ) .  
TABLE 2. Comparison of Wet and Dry Standards  
S tandard  S t a t e  Counts ( c o r r e c t e d  f o r  f l u x )  Count R a t i o  (d ry /we t )  
1000 ppm Fe dry  58,000 1.37 
t I wet 42,180 
100 ppm Zn 
#I 
1 0  ppm Zn 
I1 
1000 ppm C r  
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There i s  some u n c e r t a i n t y  i n  t h e  e x a c t  r e l a t i o n s h i p  between t h e  wet and d ry  
count r a t e ,  s i n c e  one of  t h e  sources  of e r r o r  of  t h e  dry  method i s  a s s o c i a t e d  
w i t h  t h e  lack  of  r e p r o d u c i b i l i t y  of r e s i d u e  d e p o s i t i o n  dur ing  t h e  e v a p o r a t i o n  
p rocess ,  Minor v a r i a t i o n s  i n  d i s t r i b u t i o n  o f  the r a d i o a c t i v e  r e s i d u e  r . ~ i l l  
occur  from t u b e  to t ube ,  and the d e t e c t o r ,  which is quire s e n s i t i v e  to such 
geomet r i ca l  d i f f e r e n c e s ,  w i l l  record  v a r y i n g  count r a t e s ,  The r e l a t i v e l y  l a r g e  
sp read  i n  r a t i o s  ( l , 1 5  t o  1,381 i s  i n d i c a t i v e  of  t h e s e  geomet r i ca l  d i f f e r e n c e s ,  
4 , L , 2 , 2  Propellan% Analysis 
In addition to the activation analysis study, analyses of the spe'cification 
grade propellants were made by conventional means. Table 3 summarizes 
the results. Analyses for metals were made with a Perkin-Elmer Model 303 
atomic absorption spectrometer, 



































The N B was sampled from the middle of the 50 gallon drum prior t o  the 2 4 
activation ana lys i s  s t u d y ,  The N 0 used f o r  t h e  metals a n a l y s i s  was also 2 4 
sampled p r i o r  to zhe activation analys is  s t u d y  and was taken from the upper one 
third of the storage tank (initially eontalning about 350 Lb. of propellant), 
The N204 used for t h e  remainder of the analysis of Table 3 was drr;.qn f r o m  t h e  
bottom of t h e  tank a f t e r  about 80-30% o f  t h e  N2G4 had been removed and used 
dur ing  Task 2. An i r o n  a n a l y s i s  by a tomic  a b s o r p t i o n  a t  t h i s  t ime y i e l d e d  
a  v a l u e  o f  0.35 ppm, h a l f  of  t h e  i r o n  c o n t e n t  a t  t h e  s t a r t  o f  t h e  program. 
The a n a l y s e s  a r e  noteworthy f o r  t h e  low c o n c e n t r a t i o n s  of  m e t a l s  p r e s e n t  i n  the  
two p r o p e l l a n t s .  Other workers have r e p o r t e d  c o n c e n t r a t i o n s  t h a t  ave rage  about 
a n  o r d e r  o f  magnitude h i g h e r .  2 9 4  I r o n  i n  N204 (0.35 t o  0.7 ppm) was t h e  on ly  
m e t a l  t h a t  was p r e s e n t  i n  measurable  q u a n t i t y ,  A l l  o t h e r  m e t a l s  were p r e s e n t  
i n  c o n c e n t r a t i o n s  below t h e  d e t e c t i o n  l i m i t  of t h e  i n s t r u m e n t .  However, even 
t h e  i r o n  c o n c e n t r a t i o n  was r e l a t i v e l y  s m a l l ,  s i n c e  v a l u e s  g r e a t e r  than  1 ppm 
a r e  u s u a l l y  repor ted .  
By a c t i v a t i o n  a n a l y s i s  t h e  d ry  N 0 samples y i e l d e d  a  v a l u e  o f  0.4 ppm i r o n .  2 4 
This  i s  a c c e p t a b l e  agreement w i t h  t h e  atomic a b s o r p t i o n  r e s u l t s ,  e s p e c i a l l y  i n  
view of t h e  f a c t  t h a t  t h e  range of  i r o n  c o n c e n t r a t i o n s  (0.35 t o  0.7 ppm) 
measured by atomic a b s o r p t i o n  s u g g e s t s  t h a t  t h e  r e s u l t s  of t h e  a n a l y s i s  may b e  
q u i t e  s e n s i t i v e  t o  t h e  t ime and manner of  sampl ing,  
It seems v e r y  p o s s i b l e  t h a t  t h e  i r o n  c o n c e n t r a t i o n  i n  a  s t o r a g e  tank v a r i e s  a s  
a  f u n c t i o n  of  depth .  I r o n  compounds i n  suspens ion  would tend t o  s e t t l e  w i t h  
t ime (assuming t h e  p a r t i c l e  s i z e  i s  l a r g e  enough). Thus t h e  i r o n  c o n c e n t r a t i o n  a t  
t h e  bottom of t h e  t ank  would be g r e a t e r  than  t h a t  a t  t h e  top of t h e  t ank .  The 
f a c t  t h a t  by atomic a b s o r p t i o n  t h e  v a l u e  (0.7 ppm Fe) found i n  t h e  N 0 t aken  2 4 
from t h e  top t h i r d  of t h e  t a n k  was h i g h e r  than  t h a t  t aken  from t h e  bottom of 
t h e  t a n k  (0.35 ppm Fe) i s  exp la ined  by t h e  sampling sequence.  The Lower 
v a l u e  was o b t a i n e d  a f t e r  most of t h e  N 0 (80-90%) had been siphoned o f f  f o r  2 4 
u s e  i n  Task 2. Since  t h e  s i p h o n  t u b e  extended c l o s e  t o  t h e  bottom of t h e  t a n k ,  
t h e  f i r s t  N 0 withdrawn was probably  r i c h e r  i n  i r o n  than  t h e  l a s t  p o r t i o n  o f  2 4 
N 0 removed. Continued s e t t l i n g  and f u r t h e r  N 0 removal reduced t h e  i r o n  2 4 2 4 
eontent  w i t h  t ime u n t i l  r e l a t i v e l y  l i t t l e  remained i n  t h e  f i n a l  10-20%- 
The d r y  a n a l y t i c a l  method car:ld noc d e t e c t  z-inc o r  cl~romfum i n  z" n and none 2 4 
of t h e  t h r e e  meta l s  i n  H H The d e t e c t i o n  l i m i t s  a r e  aboxe 9.1 pprn f o r  Fe, 0.01 2 4" 
ppm f o r  Zn, and 0,001 ppm f o r  C r ,  Thus reasonab ly  good agreement was o b t a i n e d  
between a c t i v a t i o n  a n a l y s i s  and a tomic a b s o r p t i o n  a n a l y s i s ,  which a l s o  was 
unable  t o  d e t e c t  t h e s e  e lements ,  
A c t i v a t i o n  a n a l y s i s  employing t h e  wet a n a l y t i c a l  technique was u n s u c c e s s f u l  I 
w i t h  bo th  p rope l lan t s . ,  bu t  f o r  d i f f e r e n t  r easons ,  I n  t h e  case  of N H t h e  2 4 9  
q u a r t z  tube con ta in ing  t h e  f u e l  exploded a t  some t ime d u r i n g  t h e  course  of t h e  I 
I 
i r r a d i a t i o n ,  The tube was p r a c t i c a l l y  p u l v e r i z e d  by t h e  v i o l e n c e  of t h e  exp los ion .  
E f f o r t s  had been t aken  t o  reduce t h e  chances of such an occur rence ,  A s i z e a b l e  
h e l i u m - f i l l e d  u i l a g e  volume (10 c c )  was p r e s e n t  i n  t h e  tube.  The t empera tu re  
r i s e  was expected t o  be  s m a l l ,  s i n c e  t h e  o u t e r  aluminum c o n t a i n e r  ( i n  which t h e  
q u a r t z  tube was packed) was immersed i n  c i r c u l a t i n g  r e a c t o r  wa te r  whose temper- 
a e u r e p r o b a b l y  d i d  n o t  exceed 9Q°F, The exp los ion  can be  s a t i s f a c t o r i l y  
exp la ined  by gamma-induced decomposit ion of t h e  N H This  p o s s i b i l i t y  was 2 4" 
cons idered  p r i o r  t o  t h e  i r r a d i a t i o n ,  and us ing  decomposit ion r a t e  d a t a  i n  t h e  
6 
and a dose r a t e  of 1 0  r a d s  p e r  hour ,  t h e  p r e s s u r e  i n c r e a s e  due 
t o  decomposit ion was c a l c u l a t e d  t o  be  only  one atmosphere f o r  a  10-hour 
6 i r r a d i a t i o n ,  The dose r a t e  of 1 0  r a d s  p e r  hour  was t h e  b e s t  a v a i l a b l e  e s t i m a t e  
a t  t h e  t ime t h e  c a l c u l a t i o n s  were made, bu t  subsequent  t o  t h e  i r r a d i a t i o n  i t  
7 
was l e a r n e d  t h a t  t h e  dose r a t e  was 50 t imes h i g h e r  (5 x  LO r a d s  p e r  h o u r ) .  
Th i s  would produce a  p r e s s u r e  i n c r e a s e  of 50 a tmospheres ,  more t h a n  enough t o  
b u r s t  t h e  q u a r t z  c o n t a i n e r ,  It shou ld  be  no ted  t h a t  N 0  would undergo an 2 4 
i n s i g n i f i c a n t  amount of radia t ion- induced decomposit ion under i d e n t i c a l  c o n d i t i o n s .  5 ,6  
I n  t h e  c a s e  of t h e  wet N 0 a n a l y s i s ,  an unexpectedly  h i g h  l e v e l  of r a d i o a c t i v i t y  2 4 
was found i n  t h e  p r o p e l l a n t  ( a f t e r  t r a n s f e r r i n g  t h e  c o n t e n t s  from t h e  a c t i v a t e d  
q u a r t z  c o n t a i n e r  t o  an  u n a c t i v a t e d  g l a s s  c o n t a i n e r  t o  minimize background e f f e c t s ) .  
Th i s  l e v e l  of  r a d i o a c t i v i t y  was s o  high t h a t  t h e  p resence  of any i r o n ,  z i n c ,  o r  
chromium w o u l d  have been masked,  
\&.en Lhe N,O was vacuum d i s e i l l e d ,  prac i - i  c a i l y  all of t he  r a d i o a c t i ~ ~ i t ~  L kk 
dkstillecl wid1 Lhe N O A deterinination oi t h e  h a l f  l i f e  of t h e  v o l a t i l e  2 4 "  
radi .oact ive  contaminant yielded a value of 35 hours .  A survey of gamq?.a emi t t e r s :  
of h a l f  L i f e  c l o s e  t o  35 hours  l e d  t o  t h e  i d e n t i f i c a t i o n  ~f  bromine-82 ( h a l f  
l i f e ,  33.3 hours )  whose l i t e r a t u r e  spectrum s i n g u l a r l y  f i t  t h e  spectrum o f  t h e  
v o l a t i l e  i m p u r i t y .  The amount o f  bromine p r e s e n t  could  n o t  be  a c c u r a t e l y  
e s t i m a t e d  i n  t h e  absence of bromine s t a n d a r d s ,  b u t  a  c o n c e n t r a t i o n  o f  c l o s e  t o  
LOO ppm would be  r e q u i r e d  t o  g i v e  such a s t r o n g  spectrum. The bromine most 
l i k e l y  owed i t s  o r i g i n  t o  t h e  N204 p r e p a r a t i v e  method, which involved t h e  r e a c t i o n  
of K C 1  w i t h  HN03. K B r  was p r e s e n t  a s  an impur i ty  i n  t h e  KC1.  * 
4,1 .2 .3  E r r o r s  
Sources of e r r o r  i n  a c t i v a t i o n  a n a l y s i s  have been t h e  s u b j e c t  o f  c o n s i d e r a b l e  
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s tudy  and have been thoroughly d i scussed  e lsewhere ,  The proper  use  of  
s t a n d a r d s  t ends  t o  reduce o r  e l i m i n a t e  e r r o r s  by c a n c e l l a t i o n ;  t h a t  i s ,  b o t h  
t h e  sample and s t a n d a r d  a r e  exposed t o  t h e  same a c t i v a t i o n  c o n d i t i o n s .  
A p o s s i b l e  problem a r i s e s  when t h e  sample and s t a n d a r d s  a r e  n o t  exposed t o e x -  
a c t l y  t h e  same environment i n  t h e  r e a c t o r ,  A n  e r r o r  w i l l  obv ious ly  o c c u r  
i f ,  because  o f  a  non-uniform f l u x  d i s t r i b u t i o n  i n  t h e  i r r a d i a t i o n  t u b e ,  t h e  
sample and s t a n d a r d  r e c e i v e  d i f f e r e n t  f l u x e s .  I n  t h i s  s t u d y  t h i s  problem i:raS 
obvia ted  i n  p a r t  by t h e  r o c a t i o n  of t h e  i r r a d i a t i o n  t u b e s  a t  t h e  Washington 
S t a t e  U n i v e r s i t y  r e a c t o r .  However, t h e r e  w a s  a v a r i a t i o n  i n  f l u x  a l o n g  t h e  
l e n g t h  o f  t h e  t u b e s ,  r e a c h i n g  maximum i n t e n s i t y  i n  t h e  middle and hav ing  t h e  
minimum v a l u e s  a t  t h e  two ends.  A s  exp la ined  i n  Sec t ion  4 ,1 .1 .3 ,  each bundle  
of s t a n d a r d s  o r  p r o p e l l a n t  samples con ta ined  a f i v e  inch  l o n g  i r o n  w i r e  s o  
t h a t  f l u x  v a r i a t i o n s  could b e  measured. A f t e r  t h e  a c t i v a t i o n  was complete ,  
t h e  w i r e s  were c u t  i n t o  f o u r  112 inch  segments and counted,  The average  
f i - a  r e c e i v e d  over  t h e s e  f o a r  se,pents could  then  be c a l c u l a t e d .  
F igure  4 shows t h e  f l u x  d i s t r i b u t i o n  i n  t h r e e  bundles  of s t a n d a r d s  s t a c k e d  on 
t ~ p  02 each o t h e r  i n  one o f  t h e  i r r a d i a t i o n  tubes, The t h r e e  i r o n  w i r e s  were 
Labeled 6 ,  7 ,  and 8 ,  Number 6 was on t h e  bottom, 7 Cn the m i d d l e  and 8 an t o p ,  
12 As expected, ~lae nif~iiriliin fluxes were iourld aL the bowtorn cf' w i r e  b (about 8 x LO 1 
P; c,;, - ja te  comilir:icatisn with Nolan Dodin,  Southwest Potash Corpora t ion ,  
DISTAPJCE FROM BOTTOM OF FLUX MONITOR WIRE -INCHES 
FIGURE 4:NEUTRON FLUX DISTRIBUTIOR 
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and t h e  top of w i r e  8 (abou t  2 x 10 The f l u x  i n c r e a s e d  up w i r e  6, reaching 
a maximum s l i g h t l y  in exce s s  of 1013 n e a r  t h e  top  of v i r e  6. The bottom of  
w i r e  7 p icked up t h e  f l u x  a t  about  l o x 3  and dec l ined  a long  t h e  w i r e  r e a c h i n g  
7 x  1012 a t  t h e  top  o f  t h e  wi re .  Because of smal l  s p a c e s  between t h e  bottom 
and top  of w i r e s  6 and 7 and w i r e s  7 and 8, t h e  f l u x  v a l u e  of  an  a d j a c e n t  
w i r e  d i d  n o t  s t a r t  e x a c t l y  where t h e  o t h e r  l e f t  o f f .  Thus t h e  bot tom of  w i r e  8 
began a t  about 6  x  1012 i n s t e a d  of 7 x 1012, t h e  v a l u e  a t  t h e  top  of  w i r e  7. 
m e  d a t a  of  Figure  4 a l low one t o  normal ize  two samples exposed t o  d i f f e r e n t  
t o t a l  f l u x e s  anywhere w i t h i n  t h e  i r r a d i a t i o n  tube s imply by making a  f l u x  
c o r r e c t i o n .  I n  t h i s  program an e f f o r t  was made t o  p u t  t h e  p r o p e l l a n t  samples 
s i d e  by s i d e  w i t h  t h e  s t a n d a r d s  s o  t h a t  no l o n g i t u d i n a l  f l u x  c o r r e c t i o n  had t o  
b e  made. 
4.1.2.4 S p e c t r a  Reso lu t ion  
In S e c t i o n  4.1.1,4 t h e  method of s p e c t r a  r e s o l u t i o n  by p r o g r e s s i v e  s u b t r a c t i o n  
was exp la ined .  Although t h i s  could  be  done manually,  a  f a s t e r  and more e l e g a n t  
method was through t h e  use  o f  t h e  SHIFTY 111 computer program. The q u e s t i o n  
of r e l a t i v e  worth  of t h e  computer program tu rned  o u t  t o  be r a t h e r  academic, 
s i n c e  none o f  t h e  p r o p e l l a n t  samples y i e l d e d  any s p e c t r a  t h a t  had t o  be  reso lved .  
Before  performing t h e  p r o p e l l a n t  a c t i v a t i o n ,  a  check was made on whether  a  
s imul taneous  a n a l y s i s  of  I?e5', ~ n ~ ~ ,  and cr51 could  b e  s u c c e s s f  u l l y  accomplished.  
Th i s  was done by p r e p a r i n g  and a n a l y z i n g  an aqueous s o l u t i o n  c o n t a i n i n g  t h e s e  
t h r e e  r a d i o i s o t o p e s .  The m e t a l  a c t i v i t i e s  corresponded t o  those  t h a t  would 
r e s u l t  from t h e  10 hour a c t i v a t i o n  a t  t h e  WSU r e a c t o r  of 1 9  grams of  p r o p e l l a n t  
c o n t a i n i n g  2  pprn Fe, 0 - 2  pprn Zn, and 0 .01 pprn C r .  When t h e  spect rum of  t h e  
mix tu re  was reso lved  by t h e  manual. p r o g r e s s i v e  s u b t r a c t i o n  of s t a n d a r d  spe- 
Lra of ~e~~~ ~ n ~ ~ ,  and Cr5' ,  t h e  c o n c e n t r a t i o n s  t h a t  were found were 1 .7  pprn Fe, 
0.21 pprn Zn, and 0,011 pprn C r ,  Thus t h e  v a l u e s  were about 15% low f o r  i r o n ,  
5% h i g h  f o r  z i n c ,  and LO% h i g h  f o r  chromium, This  i s  good agreement cons ide r ing  
the low a c t i v i t i e s  (concentrations) invo lved ,  
It was expecEed t h a t  the  coiripiiter program might perform a  somewhat more a c c u r a t e  
a n a l y s i s .  However, t h e  computer program y i e l d e d  t h e  same r e s u l t s ,  
It  would seem t h a t  a l though  t h e  p r o p e l l a n t  samples y i e l d e d  no s p e c t r a  t o  be 
r e s o l v e d ,  t h e  above a n a l y s i s  of t h e  l a b o r a t o r y  "unknown" i n d i c a t e s  t h a t  s p e c t r a  
r e s o l u t i o n  i s  no t  a  problem a rea .  
4.2 Task 2 - P r o p e l l a n t  Flow T e s t s  
The main purpose of Task 2 was t o  demonstra te  t h a t  r a d i o a c t i v e  t r a c e r s  a r e  
capable  o f  s e r v i n g  a s  a  h igh ly  s e n s i t i v e  t o o l  f o r  d iagnosing flow decay problems. 
I n  i t s  s i m p l e s t  form t h e  t o o l  would c o n s i s t  of a d e t e c t o r  which would e x t e r n a l l y  
s c a n  v a r i o u s  p a r t s  o f  a  feed  system and check f o r  contaminant d e p o s i t i o n  
(gamma emiss ions)  a t  those  p a r t s ,  Because o f  t h e  g r e a t  s e n s i t i v i t y  of the  
technique,  contaminant d e p o s i t i o n  could  b e  detec.ted i n  advance of t h e  t ime a t  
which a c logging problem would be d i s c e r n a b l e  by convent ional  methods. 
Flow t e s t s  were conducted w i t h  b o t h  N 0 and N H The f i r s t  t e s t s  of t h i s  2 4 2 4 "  
program were made on N 0 s i n c e  i t s  clogging behav ior  i s  b e t t e r  e s t a b l i s h e d  1 9 2 , 4 9 8 9  
9 9  lo than t h a t  of  N2Hq 4 1 9  T e s t i n g  o f  N H proceeded a f t e r  s u f f i c i e n t  2 4 
knowledge had been gained on how t o  apply  t h e  t r a c e r  technique t o  N 0 I n  o r d e r  2 4" 
t o  make reasonab le  comparisons wi th  p rev ious  r e s u l t s ,  t e s t  c o n d i t i o n s  and 
t e s t  equipment were s i m i l a r  t o  those  of p rev ious  s t u d i e s ,  2 9 4 
P r i o r  t o  beginning t h e  t e s t s  c o n s i d e r a t i o n  had t o  be g iven  t o  t h e  means of 
i n t r o d u c i n g  r a d i o a c t i v i t y  i n t o  t h e  p r o p e l l a n t ,  The f o u r  p o s s i b l e  methods a r e  
l i s t e d  i n  Table  4, 
Method A,  d i r e c t  a c t i v a t i o n  of t h e  p r o p e l l a n t  and i t s  meta l  contaminants i s  
i d e a l l y  t h e  b e s t ,  s i n c e  t h e  chemical  and p h y s i c a l  s t a t e s  of t h e  metal  compounds 
i n  s o l u t i o n  (o r  suspension)  a r e  probably n o t  a l t e r e d  by t h e  a c t i v a t i o n  p rocess .  
The main disadvantage i s  t h a t  only small q u a n t i t i e s  of p r o p e l l a n t  can be a c t i v a t e d  
because. o f  space l i m i t a t i o n s  fn a reactor,  Merhod B, w h i c h  xavolves a c t i v a t i o n  
of t he  r e s i d u e  l e f t  a f t e r  evapora t ion  of t h e  p r o p e l l a n t  followed by r e d i s s o l v i n g  
t h e  r e s i d u e ,  a l lows Large q u a n t i t i e s  of p r o p e l l a n t  t o  h e  used,  b u t  t h e  evapora t ion  
TABLE 4 ,  Methods o f  In t roduc ing  R a d i o a c t i v i t y  i n t o  P r o p e l l a n t s  
A. A c t i v a t e  l i q u i d  p r o p e l l a n t  
1. Advantage - The chemical  and p h y s i c a l  s t a t e s  of t h e  p r o p e l l a n t  
contaminants (metal  compounds) a r e  n o t  a l t e r e d .  
2.  Disadvantage - Because o f  l i m i t e d  r e a c t o r  space  on ly  s m a l l  q u a n t i t i e s  
o f  p r o p e l l a n t  can be  a c t i v a t e d .  
B, A c t i v a t e  r e s i d u e  l e f t  a f t e r  evapora t ion  of p r o p e l l a n t  and then  r e d i s s o l v e  
r e s i d u e  i n  p r o p e l l a n t  
1. Advantage - Large q u a n t i t i e s  of p r o p e l l a n t s  can be  handled.  
2. Disadvantage - Evaporat ion may change t h e  chemical  and/or  p h y s i c a l  
s t a t e  of t h e  m e t a l  contaminants.  
C. Add r a d i o a c t i v e  t r a c e r  t o  p r o p e l l a n t  
1, Advantage - S i m p l i c i t y  and h igh  s e n s i t i v i t y .  
2. Disadvantage - The chemical  and p h y s i c a l  s t a t e  o f  t h e  r a d i o a c t i v e  
t r a c e r  may be  d i f f e r e n t  from t h a t  o f  t h e  metal 
contaminants i n  s o l u t i o n .  
D. Allow r a d i o a c t i v e  metal  f o i l s  t o  i n t e r a c t  wi th  h i g h  p u r i t y  ( i n i t i a l l y  
m e t a l - f r e e  p r o p e l l a n t  
1. Advantage - Since m e t a l  contaminants w i l l  b e  formed i n  t h e  p r o p e r  
chemical and p h y s i c a l  s t a t e ,  one can d u p l i c a t e  t h e  
build-up of meta l  contaminants o v e r  any d e s i r e d  s t o r a g e  
per iod .  
2. Disadvantage - Long ag ing  p e r i o d s  may be r e q u i r e d .  
. -e p,ocess niay clici:;$;i;" ;.he c h e m i c a l  arid physical. states o i  t he  c o n t a m i n a n t s ,  Main- 
4. L.LiL713-ns * -!-.<, - > - - / , - - s n , -  0 -  , - , -< - ;I, %..,.,,,t.-Lcai smd phyc;Lcal state is  i ~ p o r t a n t ,  s i r i ce  "L.e mechanism . " -  
of 'i'lo:.~ decay may depend s t r o n g l y  cn the c'nernical and p h y s i c a l  s t a t e  o f  t h e  
nic-r,ai con taminan t s .  
K e ~ h o d  C, t h z  d i r e c t  a d l z c i n n  of a  r a d i o a c t i v e  t r a c e r  r o  t h e  p r o p e l l a n t ,  was 
eng2oyed e s r c a s i v c l y  I n  rhis Frogran ,  T h i s  method h a s  t h e  advan tages  of  
ul-~usunlly h i g h  s c n s i t i v i c y  a s  w e l l  a s  s i m p l i c i t y ,  The v e r y  h i g h  s e n s i t i v i t y  
r c s c ~ l t s  l r o n  t h e  f a c t  'chat iiur~'J r a d i o i s o z o p e s  hav ing  h i g h  s p e c i f i c  a c t i v i t i e s  
(2hS? r a c i o  05 r a d i o a c t i v e  atoms t o  t o t a l  atoms) can be  purchased f rom 
o r d ~ n a r y  3 c i i v a t i o n ,  b e c a u s e  c o r m e r c i a l  s o u r c e s  can make u s e  of  such  p r o c e d u r e s  
3 ,  ~ S G L O P ~ C  e;,i-Lc:ixLesit aiid/i)r v ~ r y  long  a c t i v a t i o n  t imes  t o  y i e l d h i g h  s p e c i f i c  
~. -5 
~ c ~ , v i c j c s ,  Tn cany o: ~ h d  rims LS l i t t l e  a s  LO gram o f  i r o n ,  z i n c ,  o r  chromium 
io, s o i ; r i ~ n s  of  t i e  i ? i o r r ce  o r  n i t r a t e )  was added t o  2 g a l l o n s  of p r o p e l l a n t  
(: boll: 0,001 a,p;n), aiid this q u a n t i t y  of m a t e r i a l  produced a  'very h i g h  count  
r-,i 3); mi-- cccier oL i,OOO,CrCO cpn when o n l y  about  1% o f  t h e  r a d i o a c t i v e  
ior~,, ,  ,~na:iz:; deposi i e d  in  ~ ! l e  t e s t  s e c r i o n ,  The main d i s a d v a n t a g e  or' itlethod C 
Ls ,!;ax O X L Z  cz:~noc =.e completc=ly c e r t a i n  t - h a m t t e  t r a c e r  compound t a k e s  t h e  
;;.,,,-. c!len.i:,,? ,nt_ g h y s l c a i  form of t h e  cor respond ing  met-al compound contaminant  
L- 
~ : i c ;  1.3 a ~ .  i ,y p r e s e i l i  i n  rhe prope l  Sant., f t d o e s ,  however, seem q u i t e  
po,,:oie, - - C L D L  In Lac: LLkcLy, t h a t  through intermolecular exchange o r  o t h e r  
L'IL 1'7 ilA?i i ~ i  L L ~ L ~ C L ~ ~ Z  ? T O C ~ C ' S  xhc t r a c e r  w i l l  b e  t r ans fo rmed  i n t o  t h e  p r o p e r  
amoucl-. o f e o o . c c ~ l t r a t e d  n j . t r i c  a c i d ,  a  chemica l  form n o t  
z-I, is,.L,;c-i! i ,o in  cnat of  che  f e r r i c  n i t r a t e  cornpiexes t h a r  have  been r e p o r t e d  
.I 6 ' .  r ct* ~y d:posjii {Se!NC.,);N,04 and Fc(NO ) *9H20). 
3 "J ,- 3 3 
Metlied D rece ived  some a t t e n t i o n  lira t h i s  program, A rnajor advantage i s  t h a t  
h i s  method can be  ~ s e d  t o  determine irrheti-rex f l o w  decay i s  l i lkeiy  t o  occur  
a f t e r  a  long term aging p e r i o d .  I n  t h e  c a s e  where an e q u i l i b r i u m  meta l  concen- 
t r a t i o n  ( f o r  example, a  s o l u b i l i t y  l i m i t )  i s  reached a f t e r  a  long i n t e r a c t i o n  
t ime i n  a  p r o p e l l a n t  s t o r a g e  t ank ,  t h e  same meta l  c o n c e n t r a t i o n  can b e  d u p l i c a t e d  
i n  t h e  l a b o r a t o r y  i n  a  s h o r t e r  t ime by i n c r e a s i n g  t h e  s u r f a c e  a r e a  of t h e  
r a d i o a c t i v e  f o i l ,  s o  t h a t  t h e  r a t e  of d i s s o l u t i o n  i s  a c c e l e r a t e d .  
4.2.1- Equipment 
A schemat ic  r e p r e s e n t a t i o n  of t h e  t e s t  system i s  shown i n  F igure  5. A l l  v a l v e s  
were opera ted  manually,  The v a l v e s ,  t a n k s ,  f i t t i n g s ,  and f l u i d  l i n e s  (114 i n c h  
O.D.) were of 304, 316, o r  321 s t a i n l e s s  s t e e l .  For easy  i n s t a l l a t i o n  and 
removal, t h e  f e e d  and c a t c h  t anks  were connected t o  t h e  f l u i d  l i n e  w i t h  a  s h o r t  
p i e c e  of Aeroquip 666 T e f l o n  hose .  A l l  O-rings were of e i t h e r  Tef lon  o r  P a r k e r  
compound B591-8. D r i l u b e ,  Type 882, was used where a  t h r e a d  l u b r i c a n t  was 
needed. 
For  t h e  t e s t s  i n v o l v i n g  f i l t e r s ,  t h e  feed and c a t c h  t anks  were o f  2 .3  gallons 
c a p a c i t y ,  The t anks  were  f l a n g e d  a t  t h e  top  t o  permit  a c c e s s  t o  t h e  i n t e r i o r  
f o r  c lean ing .  Each t ank  was equipped w i t h  a  p r e s s u r e  gauge and f i l l ,  v e n t ,  
and d r a i n  va lves .  I n  a d d i t i o n ,  t h e  f e e d  tank had a  d i p  tube o u t l e t ,  a  s i g h t  
gauge, and a  r e l i e f  v a l v e ,  The s e a l  between t h e  f l a n g e s  was a  tongue-in- 
groove f l a t  Tef lon  g a s k e t  type,  
I n  t h e  c a s e  of t h e  c a p i l l a r y  t e s t s ,  a  s m a l l e r  (250 cc )  feed  tank was r e q u i r e d  
because  o f  t h e  much lower f low r a t e s ,  I ts  dimensions (about 1 inch  d iamete r  
by 20 i n c h e s  t a l l )  were such t h a t  a l o n g  s i g h t  gauge could  be a t t a c h e d  t o  t h e  
t ank  s o  t h a t  f low r a t e  measurements cou ld  be taken w i t h  t h e  a i d  of g radua ted  
marks a long t h e  s i g h t  gauge, 
F igure  5 a l s o  shows t h e  Locat ion o f  p r e s s u r e  and temperature  s e n s i n g  d e v i c e s ,  
Pressure transducers and thermocotaples were employed t o  continuously monitor  
the pressure and ternlerature at key locations i n  t h e  Lest  syscem, The h e a t  
exchanger p i c t u r e d  i n  F igure  5 was a 20 f o o t  c o i l  of tub ing  submerged i n  a 
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constant  temperature bath.  The flow meter used i n  t he  f i r s t  seven runs was a 
F ischer -Por te r . tu rb ine  type flow meter (Model 1061505). I n  subsequent runs 
an o r i f i c e  p l a t e  flow meter w a s  employed. 
Radioac t iv i ty  was measured wi th  a 3" x 3" r i g h t  c y l i n d r i c a l  NaI c r y s t a l  
- 
.5. 
i . I  . de tec to r  i n  c lose  proximity t o  t h e  t e s t  sect ion.  The pulses  of l i g h t ,  produced 
a - 
- i n  t he  c r y s t a l  by i n c i d e n t  gamma rays ,  were detected by a photomul t ip l ie r  tube 
- 
and were analyzed and counted with a Baird Atomic Model CS202 dual  channel 
analyzer ,  two Model CS127 s c a l e r s  and one Model CS107 s c a l e r ,  and a CS905 
timer., The th ree  s c a l e r s  recorded counts i n  the energy i n t e r v a l s  c h a r a c t e r i s t i c  
59 
of rad ioac t ive  cr51, ~ n ~ ~ ,  and Fe respect ively.  
The t e s t  s ec t ion  contained e i t h e r  a f i l t e r  o r  a cap i l l a ry .  The 10 micron 
absolu te  s t a i n l e s s  s t e e l  f i l t e r s  were of wire mesh cons t ruc t ion  (Western F i l t e r  
Co., Inc., p a r t  number S12-19310-2). Bubble t e s t s  made on e i g h t  f i l t e r s  
s e l e c t e d  a t  random gave abso lu t e  micron r a t i n g s i n  a range of 9.6 t o  10.8 
microns. Three 10 inch  long c a p i l l a r i e s  were used i n  t he  t e s t s .  Two were 8 
. m i l  I .D.  of type 304 s t a i n l e s s  s t e e l  and one was 1 3  m i l  I .D.  of type 321 
s t a i n l e s s  s t e e l .  
Figures  6 and 7 show the  f i l t e r  t e s t  sec t ions .  A g l a s s  housing (Figure 6) made 
from a Corning Pyrex p ipe  reducer  was used i n  the f i r s t  f i v e  t e s t s .  The 
g l a s s  housing permit ted v i s u a l  observat ion of any mat te r  t h a t  might have 
deposi ted on the  f i l t e r .  I n  subsequent runs, the f i l t e r  was enclosed bv . - . . 
s tandard  s t a i n l e s s  s t e e l  f i t t i n g s  (Figure 7 ) .  The holes  d r i l l e d  i n  t h e  f i t t i n g s  
i n  Figure 7 were t o  allow e n t r y  t o  t he  thermocouples. The metal  f i t t i n g s  were 
somewhat more convenient i n  t h a t  t he  de tec tor  could be placed c lose r  t o  t he  
f i l t e r ,  permi t t ing  a h igher  counting e f f i c i ency  and h igher  s e n s i t i v i t y .  Although 
s t e e l  absorbs gammas t o  a g r e a t e r  ex t en t  than g lass ,  the  d i f f e r ence  w a s  
inconsequent ia l  i n  the  case of t he  two housings because the  thicknesses  of t h e  
g l a s s  and s t e e l  were such t h a t  only small  f r ac t ions  of t he  gammas were absorbed. 
The high p e n e t r a b i l i t y  of gammas was i l l u s t r a t e d  a t  one po in t  i n  t h i s  program 
by f ind ing  only a 20% decrease i n  count r a t e  when an iron-59 source w a s  counted 
through a 114 inch t h i c k  s t e e l  p l a t e .  
p l v M z P :  IXI-mm 
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Figure 8 shows a  photograph of t h e  appara tus  used f o r  a  f i l t e r  t e s t .  The 
feed  and ca tch  tanks were t o  t h e  r i g h t  and l e f t ,  r e s p e c t i v e l y ,  i n  t h e  p i c t u r e .  
The d e t e c t o r  (not shown) was placed i n s i d e  of t h e  s h i e l d i n g  cave formed by the 
2" x 4" x 8" l e a d  b r i cks .  The t e s t  s e c t i o n  is  l o c a t e d  i n  f r o n t  of  t h e  opening 
of t h e  s h i e l d i n g  cave. 
F igu re  9 shows a photograph of  t h e  appra tus  used f o r  a  c a p i l l a r y  test. The 
c a p i l l a r y  i s  i n  t h e  foreground r e s t i n g  on top  of t h e  l e a d  b r i cks .  The 250 cc  
f eed  tank  and i t s  s i g h t  gauge a r e  l oca t ed  t o  t h e  r i g h t  of t h e  c a p i l l a r y .  The 
two l a r g e  tanks a t  t h e  l e f t  o f  t h e  photograph were used a s  ca t ch  and supply  
tanks  f o r  t h e  c a p i l l a r y  tests. 
F igure  10 shows t h e  nuc lea r  d e t e c t o r  i n  p l ace  f o r  a  c a p i l l a r y  t e s t .  The 
d e t e c t o r  is  sh i e lded  wi th  2" x 4" x 8" l e a d  b r i cks .  The c a p i l l a r y  can be seen  
t o  t h e  l e f t  of t he  s h i e l d i n g  b r i cks .  The c a p i l l a r y  rests i n  a  groove i n  an 
aluminum p l a t e .  The groove allowed t h e  d e t e c t o r  t o  s l i d e  e a s i l y  along t h e  
c a p i l l a r y  s o  t h a t  r a d i o a c t i v e  contaminants could be  de t ec t ed  a s  a  f u n c t i o n  of  
l e n g t h  w i t h i n  t h e  c a p i l l a r y .  
4.2.2 Procedure 
A flow t e s t  cons i s t ed  of f o u r  p r i n c i p a l  s t e p s :  (1) c leaning  of t h e  components; 
(2) a d d i t i o n  of  t h e  p r o p e l l a n t  t o  t h e  f eed  tank; (3)  i n t r o d u c t i o n  of  radio-  
a c t i v i t y  i n t o  t h e  p r o p e l l a n t ;  and (4) flow of  t h e  p rope l l an t  through t h e  t e s t  
s e c t i o n .  
4.2.2.1 Cleaning 
The p r o p e l l a n t  tanks were cleaned be fo re  each run. Lines and va lves  were 
cleaned on an i n t e r m i t t e n t  b a s i s  (e.g., when changing p r o p e l l a n t s  o r  be fo re  a 
run involv ing  d i s t i l l e d  N204. The c leaning  process  cons i s t ed  of t h r e e  
immersions ( a t  140°F f o r  112 hour) and t h r e e  r i n s i n g s  wi th  deionized wa te r  
between the  immersions. The f i r s t  immersion w a s  i n  t r i ch lo roe thy lene .  Af t e r  
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r i n s i n g ,  t h e  component was t r a n s f e r r e d  t o  an a c i d  c l e a n i n g  s o l u t i o n  (Oaki te  3 3 ) -  
A f t e r  r i n s i n g ,  t h e  f i n a l  immersion was i n  d e t e r g e n t  s o l u t i o n .  A f t e r  t h e  f  i-nal 
r i n s e  w i t h  d e i o n i z e d  w a t e r ,  t h e  component was s u p e r f i c i a l l y  d r i e d  i n  a  s t r e a m  
of n i t r o g e n  gas  and t h e n  p laced  i n  an  oven f o r  about  2  h o u r s  t o  complete t h e  
d ry ing .  
I n  t h e  t e s t s  i n v o l v i n g  f i l t e r s ,  a  new f i l t e r  was used i n  t h e  as - rece ived  
c o n d i t i o n  p r i o r  t o  each run.  The m a n u f a c t u r e r ' s  c l e a n i n g  p rocedure  c o n s i s t e d  
o f  t h r e e  s t e p s :  (1) d e g r e a s i n g  w i t h  i s o p r o p y l  a l c o h o l ;  (2)  u l t r a s o n i c  
c l e a n i n g  i n  d e t e r g e n t  s o l u t i o n ,  and (3)  u l t r a s o n i c  c l e a n i n g  i n  d e i o n i z e d  
wate r .  The f i l t e r s  were t h e n  double  s e a l e d  i n  p o l y e t h y l e n e  bags .  
I n  t h e  case  of c a p i l l a r i e s ,  a c a p i l l a r y  was c leaned  p r i o r  t o  a  run.  A 
s imple  though s a t i s f a c t o r y  c l e a n i n g  method c o n s i s t e d  of f l u s h i n g  t h e  c a p i l l a r y  
w i t h  d e i o n i z e d  w a t e r .  The c a p i l l a r y  was t h e n  d r i e d  by p a s s i n g  gaseous n i t r o g e n  
(40 p s i g )  through t h e  c a p i l l a r y ,  which a l s o  s e r v e d  t o  d i s l o d g e  any p a r t i c u l a t e  
m a t t e r  which would o c c a s i o n a l l y  remain from a  p r i o r  run.  A w a t e r  c a l i b r a t i o n  
check of t h e  c a p i l l a r y  would t h e n  y i e l d  t h e  p r o p e r  f low r a t e ,  i n d i c a t i n g  t h a t  
t h e  c a p i l l a r y  was c l e a n .  
4.2.2.2 P r o p e l l a n t  Handling 
I n  each f i l t e r  r u n  2  g a l l o n s  o f  p r o p e l l a n t  was drawn from t h e  main s t o r a g e  t ank  
o r  drum and p l a c e d ,  i n  most c a s e s ,  i n  t h e  c a t c h  tank.  The p r o p e l l a n t  was ready 
f o r  a d d i t i o n  t o  t h e  feed  t ank  when needed. I n  some N204 t e s t s  i n v o l v i n g  
d i s t i l l e d  p r o p e l l a n t ,  t h e  N 0 was added i n i t i a l l y  t o  a  t h i r d  t ank .  A f t e r  2  4  
i n s t a l l i n g  t h e  t h i r d  t ank  i n  t h e  p o s i t i o n  normal ly  occupied by t h e  c a t c h  t a n k ,  
d i s t i l l a t i o n  i n t o  t h e  feed  t ank  was accomplished.  The d i s t i l l a t i o n  o c c u r r e d  
r a p i d l y  when t h e  bottom of  t h e  t h i r d  t ank  was warmed t o  about  100°F and t h e  
h e a t  exchanger ,  through which t h e  N 0 was d i s t i l l e d ,  was coo led  t o  32OF. 2  4 
S i n c e  on ly  s m a l l  q u a n t i t i e s  o f  p r o p e l l a n t  (200 c c )  were r e q u i r e d  f o r  t h e  
c a p i l l a r y  t e s t s ,  a  2 g a l l o n  t ank  w a s  f i l l e d  w i t h  t h e  p r o p e l l a n t  i n  q u e s t i o n  
p r i o r  t o  the tests from which 200 ec p o r t i o n s  w e r e  withdrawn as needed, A 
second 2 g a l l o n  t ank  s t o r e d  t h e  used 200 c c  p o r t i o n s  o f  p r o p e l l a n t ,  
I n t r o d u c t i o n  of Radioact ive  M a t e r i a l  i n t o  P r o p e l l a n t  
I n  most runs  r a d i o a c t i v e  m a t e r i a l  was in t roduced  through t h e  manual a d d i t i o n  
o f  t h e  d e s i r e d  i s o t o p e  t o  t h e  p r o p e l l a n t .  One m i l l i c u r i e  (mc) of each of t h e  
t h r e e  r a d i o i s o t o p e s  was purchased from I n t e r n a t i o n a l  Chemical and Nuclear  
Corporat ion (Chemical and Radioisotope Div i s ion- I rv ine ,  C a l i f o r n i a ) .  The as- 
r e c e i v e d  i s o t o p e s  were d e s c r i b e d  by t h e  d a t a  i n  Table  5 .  
TABLE 5. Radioisotope Technica l  Data a s  of Reference Date 
I t em 
Chemical Form 
R a d i o a c t i v i t y  
Concentra t ion 21.8 mclml 33.0 mclml 37.4 mclml 
Volume 
S o l i d s  Content 
Concen t ra t ion  . 1.55 mg Fe/ml 1 0  mg Zn/ml 0.205 mg C r l m l  
S o l i d s  Content 0.071 mg Fe 0.30 mg Zn 0.0055 mg C r  
S p e c i f i c  A c t i v i t y  14.0 mc/mg Fe 
Radio chemical  
P u r i t y  99% 99% 99% 
Reference Date 4-20-70 4-20-70. 4-20-70 
Conversion o f  t h e  m e t a l  c h l o r i d e  s o l u t i o n s  t o  meta l  n i t r a t e  s o l u t i o n s  ( t h e  form 
o f  t h e  i s o t o p e  used f o r  a l l  b u t  t h e  f i r s t  t h r e e  runs dur ing  t h i s  program) 
was accomplished by d i l u t i n g  t h e  s o l u t i o n  t o  10 m l  w i t h  c o n c e n t r a t e d  n i t r i c  
a c i d ,  evapora t ing  t h e  s o l u t i o n  down t o  a  volume of about  1 m l  a t  a  t empera tu re  
j u s t  l e s s  t h a n  t h e  b o i l i n g  p o i n t ,  and d i l u t i n g  back t o  1 0  m l  w i t h  concen t ra ted  
n i t r i c  a c i d .  From 0.2 m l  t o  1 m l  of s o l u t i o n  was used i n  each run.  P r i o r  t o  
t h e  N H t e s t s ,  t h e  concen t ra ted  n i t r i c  a c i d  s o l v e n t  w a s  r e p l a c e d  w i t h  water 2 4 
i n  o r d e r  t o  p reven t  i g n i t i o n  of the  N H by t he  HNO3 T h i s  was a c c o n i ~ l i s h e d  bv 2 4 
evaporating t h e  nitric a c i d  and r e d i s s o l v i n g  t h e  metal n i t r a t e  r e s i d u e  i n  wa te r ,  
Mixing of i so rope  w i t h  the p r o p e l l a n t  was achreved by t w o  methods i n  t h e  f i l t e r  
t e s t s i  I n  t h e  f i r s t  method t h e  i s o t o p e  s o l u t i o n  was i n j e c t e d  w i t h  a  s y r i n g e  
through a  f i t t i n g  i n  t h e  top  of t h e  feed tank (sometimes b e f o r e ,  sometimes 
a f t e r  t h e  p r o p e l l a n t  had been added t o  t h e  feed  t ank) .  The p r o p e l l a n t  was t h e n  
v i g o r o u s l y  a g i t a t e d  by bubbl ing  n i t r o g e n  through t h e  l i q u i d  a t  a  h i g h  flow r a t e .  
The advantage of adding t h e  r a d i o a c t i v e  s o l u t i o n  t o  t h e  feed t ank  b e f o r e  f lowing 
i n  t h e  p r o p e l l a n t  was t h a t  t h e  tu rbu lence  caused by t h e  e n t r y  o f  t h e  p r o p e l l a n t  
a i d e d  t h e  mixing. However, a  d isadvantage was t h a t  some r a d i o a c t i v i t y  tended 
t o  adhere  t o  t h e  b o t ~ o m  s u r f a c e  of t h e  tank which had been c o n t a c t e d  by t h e  
0 - 2  t o  1 r n l  o f  concen t ra ted  r a d i o i s o t o p e  s o l u t i o n .  An improvement was achieved 
i n  t h e  second method, which c o n s i s t e d  of f lowing about 113 of t h e  p r o p e l l a n t  
i n t o  t h e  feed  tank,  adding t h e  r a d i o i s o t o p e ,  f lowing t h e  remainder o f  t h e  
p r o p e l l a n t  i n t o  t h e  t a n k ,  and then  bubbl ing w i t h  n i t r o g e n .  
I n  t h e  c a s e  of t h e  c a p i l l a r y  t e s t s  t h e  feed  tank was smal l  enough t o  a l low i t  
t o  b e  p icked  up and shaken manually,  Consequently, e x c e l l e n t  mixing w a s  
e a s i l y  achieved,  
I n  t h e  c a s e  o f  two f i l t e r  t e s t s  t h e  r a d i o a c t i v i t y  was in t roduced  by a l lowing  
r a d i o a c t i v e  f o i l s  t o  i n t e r a c t  w i t h  t h e  p r o p e l l a n t ,  I n  t h e  f i r s t  such  t e s t ,  
2 
s t a i n l e s s  s t e e l  type 304 f o i l  (mass, 9.8 grams; s u r f a c e  a r e a ,  309 i n  ) was 
a c t i v a t e d  f o r  10 hours i n  t h e  lJSU r e a c t o r  and was then p laced  i n  two g a l l o n s  
of s p e c i f i c a t i o n  grade N H The f o i l  had an  a c t i v i t y  of about 1 mc C r  5 1 2 4"  1 
and 0.04 rnc ~e~~ a t  t h e  t i m e  o f  use.  The tank con ta in ing  t h e  f o i l  and 
p r o p e l l a n t  was shaken manually twice  a  day f o r  10 days. J u s t  p r i o r  t o  t h e  run  
t h e  r a d i o a c t i v e  f o i l  was removed from t h e  tank i n  o r d e r  t o  ach ieve  a back- I 
ground reduc t ion ,  A s i m i l a r  t e s t  was conducted wi th  d i s t i l l e d  N O and rad io -  
2 2 4 
a c t i v e  i r o n  f o i l  (mass, 38 grams; s u r f a c e  a r e a ,  300 i n  ). The i r o n  had an 
a c t i v i t y  of about  0 - 4  m e  and was shaken w i t h  t h e  p r o p e l l a n t  twice  a day f o r  
7 days,  
4,2,2,4 P rope l l an t  Flow 
The feed  tank i n  a l l  of the f i l t e r  runs  was i n i t i a l l y  p re s su r i zed  a t  40 ps ig .  
The two g a l l o n s  of p rope l l an t  i n  t h e  feed  tank was i n i t i a l l y  a t  ambient 
temperature  (c lose  t o  70°F). I n  a l l  of  t h e  N 0  runs t h e  p r o p e l l a n t  was passed 2  4 
through a  32°F hea t  exchanger p r i o r  t o  e n t r y  i n t o  t he  t e s t  s ec t i on .  The 
purpose of  t h e  hea t  exchanger was t o  i n c r e a s e  t he  chances of flow decay 
occurr ing.  Most of t h e  N H runs d i d  n o t  involve cool ing,  whi le  i n  o t h e r s  2  4 
t h e  h e a t  exchanger ba th  was he ld  a t  43OF. I n  some of  t he  runs t h e  2 ga l lons  
o f  p r o p e l l a n t  was returned t o  t h e  f eed  tank f o r  a d d i t i o n a l  passes  through t h e  
f i l t e r .  Flow was commenced by opening a  t h r o t t l e  valve u n t i l  t h e  d e s i r e d  flow 
rate was e s t a b l i s h e d  (usual ly  0.2 gal lmin.) .  No more than 30 seconds was 
r equ i r ed  t o  e s t a b l i s h  flow. 
I n  t h e  c a p i l l a r y  runs flow could be  e s t a b l i s h e d  more qu ick ly ,  s i n c e  one d i d  no t  
have t o . a d j u s t  t he  flow t o  some predetermined flow r a t e .  Flow was s imply s e t  
and def ined by the  des i r ed  p re s su re  drop ac ros s  t h e  c a p i l l a r y  (10 o r  40 p s i ) .  
About 200 c c  of p rope l l an t  ( i n i t i a l l y  a t  about 70°F) was passed through t h e  
c a p i l l a r y  (sometimes preceded by a h e a t  exchanger) during each run  o r  subrun) .  
4.2.3 Resu l t s  and Discussion 
Tables  6 ,  7, 8 and 9  summarize t h e  r e s u l t s  of  t he  passage of p r o p e l l a n t  ( t o  ! 
which t r a c e r s  were added) through f i l t e r s  and c a p i l l a r i e s .  Table  1 0  summarizes 
t h e  r e s u l t s  of t h e  metal  f o i l  runs.  I n  Tables  6 and 9 t he  subruns ( a ) ,  (b) ,  
e t c .  denote  r e c i r c u l a t i o n  of t h e  2 g a l l o n s  of  p rope l l an t  through t h e  f i l t e r .  
In Table. 8 t h e  subruns denote a  change i n  t he  p re s su re  drop across  t h e  
c a p i l l a r y  dur ing  a  rm. The r a d i o a c t i v i t y  added t o  o r  p r e sen t  i n  t h e  p rope l l an t  
is  given i n  gammas p e r  minute, which r e f e r s  t o  0.32 Mev gammas f o r  cr51, 1.19 
Mev gammas f o r  FeS9, and 1.12 Mev gammas f o r  ~ n ~ ~ .  Only a  smal l  percentage  
of t h e s e  gammas a r e  counrable ( l a r g e l y  because of geometr ical  l i m i t a t i o n s ) .  
Pn t h e  case of filters i n  the  meta l  test  s e c t i o n  t h e  count ing e f f i c i e n c y  was 
1,122, I n  the ease af t h e  laager glass t e s t  sec t f an  whlch forced t he  deeectar 
even farther away from the f i l t e r ,  the  ef f ic iency %ell to 0,542, Note that  
t h e s e  l o w  count ing e f f i c i enc ies  do not jeopard ize  t h e  s e n s i t i v i t y  of  t h e  t r a c e r  
TABLE 6,  N204 FLOW TESTS (FILTER) 
R a d i o a c t i v i t y  Percen t  R a d i o a c t i v i t y  Other 
N2°4 P r e s e n t  i n  N204 
Heat O P  Across I n i t i a l  
Deposited Metals  Exchanger F i l t e r ,  p s i ,  Flow Rate, Percent 
Run eondit i o n  
- on F i l t e r  Added Temperature ( i n i t i a l l ( f i n a 1 )  
1 MSC-PPD-2A 1 ,92 x 10 Fe 59 4-35 None 32OF 1 3 5 0 ,2  100 
2 Distilled 1,87 x $0 Fe 59 4,44 None I P  1 ,8  1,8 0.2 0 
3 10 1,79 x 10 Pe 59 0.64 0 , l p p m F e  " 1.8 1.8 0 0 2  0 
5 b 8 
6 (a) MSC-RPD-%A 
Ib 1 f a  
$c>  8 %  
1.0 ppm Fe " 
0 , 3  ppm Fe '' 
None !I 
8 l ( I  
1 I I !  
* Flow meter f a i l e d  b e f o r e  t h e  f low r a t e  was e s t a b l i s h e d ,  P e r c e n t  f low decay was es t imated  from t h e  prebsstnre 
drop a c r o s s  t h e  f i l t e r .  
TABLE 6, N204 FLOW TESTS (FILTER) (cont .) 
Percent Radioactivity 
Present in N 0 Radioactivity Other N2°4 
Heat O P  Across Initial 
2 4 Deposited Metals Exchanger Filter, psi, Flow Rate, Percent 
Candl t ion (gmslrninute) on Filter Added Temperature (initial)(final) gal/min 
8 65 MSG-PPD-2A 1.41 x 10 Zn -0.19 None 3Z°F 2 2 0*2 64 
I B $ 1  11 0.25 11 11 1 I 11 89 
8 0 1 I  0.32 I I I I 11 I$ 11 1 8  
8 1 $1 0.38 11 11 3 5 0,38 5 
B r 8 65 1.40~10 Zn 0.32 11 $1 3.5 7.5 0,361 7 
0 D 11 0.44 18 11 1.3 6.5 Oa2 15 
8 65 D i s t i l l e d  1.55 x 10 Zn 2.39 1 I 11 2 2 0-2 43 
D 0 8 65 1.51~10 Zn 1.69 11 11 1.5 1.5 om2 8 
o I 8 65 1.49 x 10 Zn 1.74 I I I I  1 1 0,2 . 8) 
I D  8 65 1,46 x 10 Zn 1,26 I I I I 1 1 o,2 0 
I S  8 65 1.44~10 Zn 0.16 11 I I  2 2 0,2 0 
1 8  I! I I 0.37 11 2 4 0 * 21 2 
8 t 8 65 1.43 x 10 Zn 0.27 I I 8 I 2 5.8 0,21 14 
# B I I 0.19 - I 1  1$ 1 6 0,2l B O 
8 I 8 I  0.19 I I  ) I  1.5 7.5 0 , 21 14 
8 1 8 65 1,42x10 Zn 0.12 II I I 6 11.5 0,36 7 
I8  I 1  0.27 1 I 11 PO 14.5 0,33 7 
I! t l 0.20 11 I? 10.5 16 . 0,32 10 
8 8  I1  0.14 11 I8 12 17.6 0,31 13 
0 D $ 1  0.18 I I t I 13 17.7 0,3l 9 
TABLE 7, N2Q4 FLQM TESTS (CAPILLARY) 
P e r c e n t  
'abioactivit~ Radioac iviry 
P r e s e n t  i n  N204 Deposited 
Condition Run wp i n  C a p i l l a r y  
I B 11SC-PPD-2A None - 
Heat O P  Across 
Exchanger C a p i l l a r y ,  Flow Rate,  mlimin 
Temperature p s i  
il2-8 m i l  70°F 4 0 3 ,6  4,5 3-5  4 - 3  
12 E Q r l - f1-8 m i l  Variable(70-32OF) 40 2s8 5 , s  2,8 5-5 
1 3 11 $ 9 - ill-8 m i l  V a r i a b l e  (70-3Z°F) 10  2.7 2,7 L,7 %,7 
L 4 !D 4,32 x 1 0  7 0 #l-8 m i l  32°F 10  2,6 2.6 1,8 2 , 3  
Fe59 -I- ~n~~ d- ~ r 5 l  
TABLE 8. N2W4 FLOW TESTS (CAPILLAR.Y) 
R a d i o a c t i v i t y  P e r c e n t  R a d i o a c t i v i t y  Heat QP Across 
Present in N2H4 Deposited Exchanger C a p i l l a r y ,  Flaw Race, rnl/rnhn 
Run 
- Condi t ion (gamas/Minute)  i n  C a p i l l a r y  C a p i l l a r y  Temperature p s i  
15 NIL-P-26536C '" - #3-13 m i 1  43°F 10  7 , l  E 1 , L  5,6 l1,l 
#I-8 m i l  43°F 
v 1 P I  
82-8 m i l  " 
TABLE 9. N2H4 FLOW TESTS (FILTER) 
Percent 
Radioactivity Radioactivity Other Heat O P  Across Filter, Initial 
N2N4 Present in N2°4 Deposited Metal Exchanger psi Flow Rate, Percent 
Run 
-
Condition (gammas/minute) on Filter Added Temperature (initial) (final) gal/min 
2 2 MIL-P-26536C None - None 70°F 3 3 0.2 63 
23 1.96 x lo7 ~e~~ 0.50 I I  I I 1 I I I I I D I 
TABLE 9, N2H4 PLOW TESTS (FILTER) (continued) 
Radioactivity 





26(a) I F  8 53 8,20x10 Fe 
65 51 4- Zn + Cr 
* Enstr~~mentaQion Failure 
Percent 
Radioactivity Other Beat AP Across Filter, Initial 
Deposited Metal Exchanger psi Flow Rate, Percent 
on Filter 
- 
Added Temperature (initial) (final) Flow 
0,3E None 7Q°F 2'~ 0,2 0 
TABLE 10. ACTIVATED FOIL DISSOLUTION TESTS 
Propellant Radioactive 
h n  
- Condition Foil 
28 '2% MIL-P-26536C 304 Stain- 
less Steel 
29 '2'4 Distilled Iron 
Percent of 
Dissolved 
Dissolved Metal In% tial 
Metal Deposited Heat AP Across Filter, F ~ ~ D w  Percent 
Content on Exchanger psi Rate, Flow 
From Foil Filter Temperature (initial) (final) gal /min 
0.6 ppm Fe Not Deter- 70°F * JC O,2 $( 
0.01 ppm Cr mined 
0,2 ppm Fe 12.4% Fe** 32°F 7.5 3 8 0,2 100 
* Blockage of filter occurred, traced to extraneous particulate matter 
** Pn six passes of two gallons of N204 through the filter 
R 
techniqile.  Gama emission rates o f  t he  order of 10- gammas per mir iu te  are 
encow~te i ed  in Tab les  6, 7 ,  8, and 9 ,  Alt l~oug?:  o n l y  about  17 of  rhese emiss ions  
6 
a r e  coun tab le ,  t h e  r e s u l t i n g  count r a t e  of LO cpn is  s t i l l  v e r y  high,  
General ly  speak ing ,  f low decay was r e a d i l y  observed when EISC-PPD-2A N 0  2  4  
w a s  passed  through t h e  LO micron a b s o l u t e  f i l t e r s ,  b u t  no f low decay was found 
when s i m i l a r  t e s t s  were conducted w i t h  f r e s h l y  d i s t i l l e d  N 0 D e p o s i t i o n  of 2 4' 
s i g n i f i c a n t  amounts of r a d i o a c t i v i t y  was d e t e c t e d  i n  a l l  of  t h e  N 0 / f i l t e r  2 4  
t e s t s ,  sometimes p r i o r  t o  t h e  p o i n t  a t  which a dec rease  i n  f low r a t e  could  be  
measured. F i g u r e s  11 and 12 i l l u s t r a t e  c e r t a i n  r e s u l t s  t h a t  a r e  i n  many ways 
~ y p i c a l  of  a l l  of t h e  N 0  / f i l t e r  t e s t s .  2 4 
Figure  11 (run  1 )  shows f low decay s e t t i n g  i n  immediately a t  t h e  start  of t h e  
run, accompanied by an i n c r e a s e  i n  r h e  p r e s s u r e  drop a c r o s s  t h e  f i l t e r  and 
a  build-up of r a d i o a c t i v i t y  on t h e  f i l t e r .  Over 50% flow decay had occur red  
a f t e r  j u s t  6 minutes  t ime ,  The h igh  s e n s i t i v i t y  of  t h e  t r a c e r  t echn ique  can 
be  a p p r e c i a t e d  when one c o n s i d e r s  t h a t  t h e  h igh count r a t e  i n  F i g u r e  11 ( M  30,000 
cpm) was o b t a i n e d  through t h e  a d d i t i o n  of  o n l y  0.001 ppm o f  t r a c e r  i r o n  t o  t h e  
'2'4" and o n l y  4.35% of  t h i s  amount (Table 6 )  depos i t ed  on t h e  f i l t e r ,  
I n  some r u n s  t h e  N204 had t o  be  r e c i r c u l a t e d  through t h e  f i l t e r  b e f o r e  
a p p r e c i a b l e  f low decay could  be d e t e c t e d .  Figure  3.2 shows t h a t  i n  run  8 ( a )  1 
f low decay s t a r t e d  a f t e r  abou t  2  minutes  (a l though ~n~~ r a d i o a c t i v i t y  b u i l d -  
up s t a r t e d  a t  once) ,  b u t  o n l y  abou t  15% flow decay had occur red  a t  t h e  concLusion 
of  t h i s  run .  A second p a s s  of t h i s  same two g a l l o n s  of N 0 th rough  t h e  f i l t e r  2 4  
(run 8 ( b ) )  produced c o n s i d e r a b l y  more f low decay, b u t  t h e  bui ld-up o f  Zn 65 
t r a c e r  cont inued a t  a much s lower  r a t e .  I n  a l l  runs  where t h e  X 0 w a s  r e -  2 4  
c i r c u l a t e d ,  t h e  f i r s t  p a s s  through t h e  f i l t e r  depos i t ed  t h e  g r e a t e s t  amount 
o f  r a d i o a c t i v i t y ,  s u g g e s t i n g  t h a t  some s o r t  of  e q u i l i b r i u m  o r  s t e a d y  s t a t e  
conditLon i s  q u i c k l y  reached ,  
I n  g e n e r a l ,  fiaw decay was n o t  observed when N H was gassed through f i l t e r s ,  2 4 
F u r t t n e r r a ~ r e ~  r e l a t i v e l y  l i t t l e  radioactive material. deposited on the  f i l t e r s ,  
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be ing  t y p i c a l l y  on ly  about  5 t o  10% of t h e  amount t h a t  d e p o s i t e d  i n  t h e  c a s e  
o f  t h e  N 0 t e s t s *  F igure  1 3  records  t h e  t y p i c a l  level  flow r a t e ,  l e v e l  2 4 59 p r e s s u r e  drop,  and smal l  i n c r e a s e  i n  Fe r a d i a t i o n  count r a t e .  The count 
rate was p l o t t e d  on a s c a l e  s i m i l a r  t o  those  o f  F i g u r e s  11 and 12 s o  t h a t  
a comparison of t h e  r e l a t i v e  r a d i a t i o n  build-up f o r  t h e  N 0 and N2H4 t e s t s  2 4 
could  be  viewed i n  t h e  p roper  p e r s p e c t i v e .  
C a p i l l a r y  t e s t s  f o r  N204 and N H were s i m i l a r  i n  t h a t  no build-up o f  2 4 
r a d i o a c t i v i t y  could  be d e t e c t e d  i n  t h e  c a p i l l a r i e s .  Although some f low 
i r r e g u l a r i t i e s  were observed,  t h e  evidence was s u g g e s t i v e  of c logg ing  by 
ex t raneous  p a r t i c u l a t e  m a t t e r  r a t h e r  than  by a c l a s s i c a l  f low decay mechanism 
such as complex format ion o r  g e l a t i o n .  Figure  1 4  i s  a t y p i c a l  example ( run  14)  
showing no count  rate i n c r e a s e  and minor f low i r r e g u l a r i t i e s .  
4.2.3.1 N 0 F i l t e r  T e s t s  2 4 
P r i o r  t o  run  1, a checkout run  w a s  made, Both t h e  f low meter  and r a d i a t i o n  
d e t e c t o r  f a i l e d  t o  o p e r a t e ,  b u t  t h e  f i n a l  OP a c r o s s  t h e  f i l t e r  ( -- 35 p s i )  
i n d i c a t e d  t h a t  f low decay had occurred s t r o n g l y .  
In  r u n  1 flow decay a l s o  occurred s t r o n g l y ,  w i t h  e s s e n t i a l l y  complete 
blockage o f  t h e  f i l t e r  reached a f t e r  about  8 minutes.  The i n c r e a s e  i n  t h e  OP 
a c r o s s  t h e  f i l t e r  p a r a l l e l e d  t h e  decrease  i n  f low r a t e .  The t r a c e r  used i n  
run  1 was a 1 m 1  aqueous s o l u t i o n  of ~ e ~ ~ ~ 1 ~  (1110 of  t h e  s o l i d s  c o n t e n t  of 
i n   able 5) .  From Table  5 one can s e e  t h a t  t h i s  i s  on ly  7.1 x 
4 grams of i r o n .  S ince  t h e  two g a l l o n s  of N204 weighs approximately  1 0  grams, 
t h e  t r a c e r  c o n t e n t  corresponded t o  on ly  0.0007 ppm i r o n ,  an amount s o  smal l  
t h a t  no p e r t u r b a t i o n  of t h e  i r o n  c o n t e n t  a l r e a d y  p r e s e n t  i n  t h e  MSC-PPD-2A 
N 0 would be  expected.  Nor would t h e  water  c o n t e n t  be  l i k e l y  t o  d i s t u r b  2 4 
t h e  system, 1 m l  o f  wa te r  account ing  f o r  only  0.01%, f a r  under t h e  s p e c  l i m i t  
o f  0.1%. Of c o n s i d e r a b l e  i n t e r e s t  w a s  t h e  f a c t  t h a t  on ly  4,35% of t h e  FeCl 3 
t r a c e r  added was d e p o s i t e d  on t h e  f i l t e r .  Assuming t h a t  t h e  l?e5'c1 e q u i l i b r a t e s  3 
w i t h  t h e  i r o n  compounds a l r e a d y  p r e s e n t  i n  s o l u t i o n  (about 0,7  ppm from Tab le  3) 
through i n t e r m o l e c u l a r  exchange s f  i r o n  atoms o r  some such mechanism ( e , g , ,  
5 9 Fe C13  C F e ( N 0 3 ) 3 c - ~ 2 0 4  = FeC13 + and assuming t h a t  t h e  i r o n  
Figure 13: TIME HISTORY OF TEST P TEFG DURING RUN 23 ( a) 
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( ~ r o p e l l a n t -  N 0 Tracers- cr51, ~ e ~ ~ ,  znb5, ~ a p i l l a r ~ )  2 4' 
campounds are r e s p o n s i b l e  for f l o w  decay, then only a small p o r t i o n  of t h e  
already s m a l l  0-7 gpm i r o n  c o n t e n t  a c t u a l l y  is  r e s p o n s i b l e  f o r  t h e  c logg ing ,  
Bull 2 was performed w i t h  d i s t i l l e d  N204. S i n c e  d i s t i l l a t i o n  i s  known t o  
produce i r o n - f r e e  ~ ~ 0 ~ ~ " ~  i t  was thought  t h a t  d i s t i l l a t i o n  might b e  a means 
of e l i m i n a t i n g  f low decay,  provided t h a t  t h e  r a t e  of r e a c t i o n  o f  t h e  N 0 2 4 
with t h e  s t a i n l e s s  s t e e l  t a n k  w a l l s  d i d  n o t  r e g e n e r a t e  t h e  i r o n  compounds a t  a 
f a s t  rate. This  was a p p a r e n t l y  t h e  c a s e ,  because  no f low decay was observed 
i n  r u n  2 ,  O f  i n t e r e s t  i s  t h e  f a c t  t h a t  about  t h e  same amount of r a d i o a c t i v i t y  
(4.44% of t h e  ~e~~ added) d e p o s i t e d  on t h e  f i l t e r  a s  i n  r u n  1. T h i s  is  n o t ,  
however, the s a m e  amount of i r o n ,  provided t h a t  t h e  insermoPecular  exchange 
mechanism mentioned above i s  operab le .  Assuming t h a t  i n  rqn  l t h e  Fe 59 
u n d e w e n t  exchange w i t h  the 0.7 ppm Fe a l r e a d y  p r e s e n t  i n  t h e  N204 (Table  3 ) ,  
t h e n  t h i s  would mean about  1000 t imes more i r o n  d e p o s i t e d  on t h e  f i l t e r  i n  
r u n  t h a n  i n  nm. 2  ( i n  which on ly  0,0007 pprn of t r a c e r  i r o n  was p r e s e n t ) . .  
Run 2 sugges ted  a  weed f o r  de te rmin ing  p e r c e n t  f low decay as a  f u n c t i o n  o f  i r o n  
c o n c e n t r a t i o n ,  Consequently,  i n  t h e  n e x t  t h r e e  runs  v a r y i n g  amounts of i r o n  
as Fe(N0 ) were added: r u n  3, 0 , l  ppm; r u n  4 ,  1 - 0  ppm; run  5,  6 , 3  ppm. 3 3 
The Fe(IL'0 ) was prepared by d i s s o l v i n g  t h e  d e s i r e d  weight  s f  i r o n  w i r e  i n  3 3 
c o n c e n t r a t e d  n i t r i c  a c i d ,  The N 6  used i n  r u n  3 was the same two g a l l o n s  2 4 
of N O l e f t  from run  2. A new f i l t e r  was i n s t a l l e d ,  and t h e  I?e5'~l3 l e f t  2 4 
from run 2 remained i n  t h e  p r o p e l l a n t .  Run 4 (and o t h e r  F'eS9 r u n s  t h e r e a f t e r )  
marked t h e  beginning of t h e  u s e  of ~ e ~ ' ( 8 0  ) d i s s o l v e d  i n  0.2 t o  1 m l  concen- 3 3 
$rated %NO a s  t h e  t r a c e r ,  I n t e r e s t i n g l y  enough, t h e  f low meter  recorded no 3 
f low decay wi th  O , l  ppm Fe, 15% f low decay w i t h  0 - 3  pprn, and 77% f low decay 
with S,O ppm, Thus t h e  degree  of f low decay seemed d i r e c t l y  r e l a t e d  t o  t h e  
a~nouni,~ of Fe(N6 ) added, I n  the  %,0 ppm run ,  the flow meter  f a i l e d  b e f o r e  t h e  3 3 
equilibrium f l o w  rare was e s t a b l i s h e d ,  and t h e  percent  f low decay was e s t i m a t e d  
from t h e  change in t h e  p r e s s u r e  d r o p  a c r o s s  the f i l t e r ,  I n  all three r u n s  t h e  
59 I depos i t i on  of I?eS9 was observed. The percent Fe t h a t  deposited ( r u n  3, 0.642; 
rui l  4, 8,42%; ~ L U I  5# 0 ,882)  was, ho~ii;ever, about  an order s f  rnagnitiade less 
than I n  r u n  2, This is probably  a t  leest i n  part due to t h e  8 , 1 - L  ppm Fe as 
Fa;(NC1g3 added in runs 3-1, which had t h e  effect of d i ' i .u t ing  t h e  s p e c i f i c  
59 
a c t i v i t y  o f  t h e  Fe * 
Some d i f f i c u l t y  was encountered i n  ach iev ing  uniform mixing of t h e  Fe(N0 ) 3  3  
i n  t h e  N 0  i n  runs  4 and 5. Dispers ing  uniformly a  v e r y  smal l  amount of a  2  4  
s o l u t i o n  i n  a  l a r g e  volume i s  n o t o r i o u s l y  d i f f i c u l t ,  b u t  t h e  problem i n  t h i s  
c a s e  was compounded by t h e  apparen t  s e t t l i n g  of t h e  ~ e ~ ' ( N 0  ) upon a d d i t i o n  3  3  
of t h e  1 m l  of F ~ ~ ~ ( N O ~ ) ~ / H N O ~  s o l u t i o n  t o t h e  N 0  S e t t l i n g  was monitored 2  4" 
by p l a c i n g  t h e  N a I  s c i n t i l l a t i o n  d e t e c t o r  a t  v a r i o u s  p o i n t s  a long  t h e  o u t s i d e  
of t h e  feed  tank.  I n  r u n  4 a f t e r  adding t h e  Fe(N0 ) s o l u t i o n  through a  3  3  
f i t t i n g  i n  t h e  top  of t h e  tank,  i t  w a s  found t h a t  about  213 of t h e  Fe(N0 ) 3  3  
was l o c a t e d  i n  t h e  bottom h a l f  of t h e  t ank  a f t e r  on ly  2  minutes.  The N204 
was then v i g o r o u s l y  a g i t a t e d  by bubbl ing n i t r o g e n  through t h e  l i q u i d  a t  a  h i g h  
f low rate. This  procedure  improved t h e  d i s t r i b u t i o n  of t h e  Fe(N03)3, b u t  some 
s t i l l  tended t o  s e t t l e  towards t h e  bottom. 
Three e x p l a n a t i o n s  a r e  a v a i l a b l e  f o r  t h e  s e t t l i n g .  F i r s t ,  100% HNO is  l a r g e l y  3  
i n s o l u b l e  i n  N 0  and t h e  h i g h e r  d e n s i t y  of t h e  HN03 (HNO ,1.50 g/ml; N204, 2  4  3  
1.44 g/ml) r e s u l t s  i n  s e t t l i n g  upon a d d i t i o n  t o  N 0  The concen t ra ted  (70%) 2  4 '  
HN03 is  r a p i d l y  conver ted t o  100% HN03 through t h e  r e a c t i o n  of t h e  wa te r  i n  
t h e  HN03 s o l u t i o n  w i t h  N204. The d e n s e r  HNO c o n t a i n i n g  t h e  d i s s o l v e d  Fe 5  9  3  
would then  s e t t l e  and c a r r y  t h e  r a d i o a c t i v i t y  t o  t h e  bottom o f  t h e  tank.  It 
should be  noted,  however, t h a t  i n  t h i s  c a s e  t h e  i r o n  would be i n  t r u e '  
s o l u t i o n ,  even though t h e  s o l v e n t  would b e  s m a l l  g l o b u l e s  of 100% HNO 3' 
The second p o s s i b i l i t y  i s  t h a t  Fe(N03)3 i s  p r e c i p i t a t e d  upon c o n t a c t  of t h e  
Fe(N0 ) /HN03solution w i t h  N204. Fe(N0 ) i s  a p p a r e n t l y  s o l u b l e  t o  t h e  e x t e n t  3  3  
of about  1 ppm i n  N204 a t  room temperatir :  s o s t h e  two g a l l o n s  o f  N 0  2  4  
can c e r t a i n l y  accommodate i n  t r u e  s o l u t i o n  t h e  amount of Fe(N0 ) added i n  r u n s  3  3 
4 and 5, However, p r e c i p i t a t i o n  may occur  due t o  l o c a l i z e d  s u p e r s a t u r a t i o n  
when t h e  F e ( ~ 0 '  ) s o l u t i o n  c o n t a c t s  t h e  N 2 0 4  The p r e c i p i t a t e  would r e d i s s o l v e  3 3  
given enough t ime,  b u t  an  a p p r e c i a b l e  l e n g t h  of t ime might be requ i red .  The 
t h i r d  e x p l a n a t i o n  is  t h a t  i r o n  compounds tend t o  e x i s t  i n  N 0  i n  a  c o l l o i d a l  2 4 
statezp4 and t h a t  some s e t t l i n g  of t h e  c o l l o i d  occurs .  It  i s  i n t e r e s t i n g  
r 4 
t h a t  i n  run 6 the crJ' tracer a l s o  tended to s e t t l e ,  b u t  i n  runs  8, 9 ,  and PO, 
In  which ~n~~ was added, p e r f e c t l y  uniform d i s t r i b u t i o n  w a s  qu ick ly  and e a s i l y  
achieved, It is p o s s i b l e  t h a t  z i n c  n i t r a t e  is more soluble i n  N 0 than i r o n  2 4  
o r  chromium n i t r a t e ,  It may b e  noteworthy t h a t  no s e t t l i n g  of  any of t h e  
t h r e e  i s o t o p e s  was d e t e c t e d  i n  hydraz ine  ( S e c t i o n s  4 - 2 - 3 - 4  and 4,2,3,5).  
The s o l u b i l i t i e s  of  m e t a l  s a l t s  are r e p o r t e d  t o  b e  r e l a t i v e l y  h igh  i n  hydra- 
z i n e ,  4 
I n  run  6 t h e  g l a s s  t e s t  s e c t i o n  was rep laced  w i t h  a  s t a i n l e s s  s t e e l  t e s t  
s e c t i o n  (compare F igures  6 and 7 ) .  The purpose  of t h e  g l a s s  housing had been 
t o  pe rmi t  v i s u a l  o b s e r v a t i o n  of any d e p o s i t i o n  t h a t  might occur  on t h e  
f i l t e r ,  No d e p o s i t s  were observed w i t h  t h e  unaided eye,  The d e p o s i t s  could 
probably  have been r e a d i l y  s e e n  w i t h  t h e  c a r e f u l  u s e  of a  microscope,  b u t  
t h i s  m a t t e r  was n o t  pursued f u r t h e r  because  f low decay d e p o s i t s  on t h i s  type  
f i l t e r  have been v i s u a l l y  observed p r e v i o u s l y  and t h e  d e p o s i t i o n  p rocess  
documented on f i l m ,  2 
I n  run 6 (a )  no f low decay was observed,  a l though  r a d i o a c t i v e  m a t e r i a l  depos i t ed  
on t h e  f i l t e r  and j u s t  b e f o r e  t h e  conc lus ion  of t h e  run a s l i g h t  i n c r e a s e  i n  
che B P  a c r o s s  t h e  f i l t e r  was no ted ,  which were regarded  a s  s i g n s  t h a t  f low 
decay would probably  s t a r t  e a r l y  i n  run 6 ( b ) ,  Th i s  was found t o  be  t h e  case  
w i t h  62% flow decay o c c u r r i n g  d u r i n g  t h e  second p a s s  of  t h e  p r o p e l l a n t  
through t h e  f i l t e r ,  
Chromium-5l was added a s  t h e  t r a c e r  i n  r u n  6,  Runs Q ( a )  and 6 (b )  were n o t a b l e  
f o r  t h e  l a r g e  pe rcen tages  of t h e  t r a c e r  t h a t  d e p o s i t e d  (20 and 11%).  Run 
6(b)  was t h e  f i r s t  of  s e v e r a l  r u n s  i n  which some of t h e  d e p o s i t  was l o s t  a t  
t h e  conc lus ion  of t h e  run ,  Th i s  occur red  a t  shutdown when a s m a l l  back-surge 
of p r o p e l l a n t  d i s lodged  some of t h e  d e p o s i t  a s  i n d i c a t e d  by t h e  d e c r e a s e  i n  
r a d i o a c t i v i t y ,  Although 19 ,9% of t h e  r a d i o a c t i v i t y  had d e p o s i t e d  i n  run 6 ( a ) ,  
t h e  backsurge removed abou t  64% of  t h i s ,  That  i s  why t h e  r a d i o a c t i v i t y  l i s t e d  
as being p r e s e n t  i n  t h e  N 0 i n  run 6 (b )  i s  n o t  19,9% l e s s  than  t h e  s t a r t i n g  2 4 
amount i n  run Q ( a ) ,  The r e s u l t s  of  t h e  backsurge  sugges ted  t h a t  perhaps  a l l  
of ehe deposit could  be removed by flowing the N 0 back thxaugh the f i l t e r  2 4 
in ehe reverse d i r e c c i o o ,  T h i s   as a t t empted  a"c.Ihe coraclusion, a f  run 6(b) ,  
&out  60% o f  t h e  r a d i o a c t i v i t y  was e l i m i n a t e d  by t h i s  p rocedure ,  b u t  t h e  re- 
maining m a t e r i a l  a d i ~ e r e d  t e n a c i o u s l y  t o  t h e  f i l t e r  and could  n o t  be removed, 
Run 6 ( c )  produced 100% f low decay add ing  3.6% more cr5I t o  t h e  f i l t e r ,  which 
a f t e r  a l l o w i n g  f o r  t h e  l o s s e s  due t o  t h e  backsurges  corresponded t o  l e s s  
r a d i o a c t i v e  d e p o s i t  on t h e  f i l t e r  t h a n  a t  t h e  end of run  6 ( a ) .  
, I n  r u n s  7 and 8 f low decay began i n  7 ( a )  and 8 ( a ) ,  bu t  an  a d d i t i o n a l  p a s s  
th rough  t h e  f i l t e r  was r e q u i r e d  t o  e s t a b l i s h  s u b s t a n t i a l  f low decay o r  complete  
blockage.  I n  r u n  7 t h e  count  r a t e  was measured i n  t h e  1.1 Mev energy  r e g i o n .  
The t r a c e r  m i x t u r e  was d e r i v e d  from 0.25 ml cr51, 0 .01  m l  ~ n ~ ~ ,  and 0.02 ml  
I ~e~~ s o l u t i o n s .  
i 
Run 9 was v e r y  i n t e r e s t i n g  i n  t h a t  a f t e r  seven  c o n s e c u t i v e  p a s s e s  th rough  t h e  
f i l t e r ,  no s i g n  of a  f low r a t e  d e c r e a s e  had occur red .  R a d i o a c t i v e  Zn 65 
d e p o s i t i o n  i n c r e a s e d  on ly  v e r y  s lowly  a f t e r  r u n  9 ( d ) ,  t o  which p o i n t  abou t  9% 
of  t h e  a v a i l a b l e  ~ n ~ ~ ( ~ 0 ~ ) ~  had d e p o s i t e d .  S i n c e  no f low decay seemed imminent, 
a d e c i s i o n  was made t o  double  t h e  f low rate on t h e  e i g h t h  p a s s ,  9 ( h ) .  The reason- 
i n g  was t h a t  t h e  i n c r e a s e d  f low r a t e  might d i s l o d g e  any m a t e r i a l  t h a t  had 
d e p o s i t e d  on t h e  f i l t e r .  Upon doubl ing  t h e  f low r a t e ,  f low decay began a lmos t  
immediate ly ,  and t h e  f low r a t e  d e c r e a s e d  about  5% i n  r u n  9 (h) .  Another  p a s s  
was made, and t h e  f low r a t e  decreased  a n o t h e r  7%,  f o r  a  t o t a l  d e c r e a s e  o f  12%. 
To check whether  f low decay would c o n t i n u e  i f  t h e  f low r a t e  were reduced back  
t o  t h e  o r i g i n a l  v a l u e  (0.2 g a l / m i n ) ,  r u n  9 ( j )  was t r i e d .  Flow decay d i d  indeed 
c o n t i n u e ,  w i t h  a 15% d e c r e a s e  i n  r u n  9 ( j ) .  It is c e r t a i n l y  p o s s i b l e  t o  d e p o s i t  
s m a l l  ( 4 1 0 . A  ) p a r t i c l e s  on a w i r e  mesh t y p e  f i l t e r  w i t h o u t  p a r t i a l l y  
b l o c k i n g  t h e  h o l e s ,  s i n c e  s m a l l  p a r t i c l e s  of a contaminant m e t a l  complex can  
a t t a c h  t o  t h e  f r o n t  o r  back of t h e  wires p r i m a r i l y  p a r a l l e l  t o  t h e  d i r e c t i o n  
of f low* 
As p r e v i o u s l y  no ted  (Sec t ion  4.1.2.2) t h e  i r o n  (and o t h e r  m e t a l s )  c o n c e n t r a t i o n  
i n  t h e  main N 0 s t o r a g e  t ank  may be g r e a t e r  a t  t h e  bottom of t h e  t ank .  T h i s  2 4 
would i n c r e a s e  t h e  chances of f low decay o c c u r r i n g  i n  t h e  e a r l y  r u n s ,  because 
the s i p h o n  t u b e ,  whish ex tends  c l o s e  t o  t h e  bottom of t h e  s t o r a g e  tank,  would 
withdraw N O t h a t  was r icher  in particulate i r o n  than t h e  Past portlons s f  2 4 
N 0 removed, Although more da ta  are  r e q u i r e d  f o r  p roof ,  the  d a t a  of Table 6 2 4 
are nevertheless consistent with the  hypothesis  rat E l o w  decay shou ld  Occur 
most r e a d i l y  i n  t h e  e a r l y  runs ,  I n  o n l y  a s i n g l e  run ( r u n  1) was complete 
blockage n o t e d  f o r  %he f i r s %  p a s s  of MSC-PPD-2A N 0 through t h e  f i l t e r ,  I n  2 4 
subsequent  r u n s  ( 6 ,  7 and 8) two o r  t h r e e  p a s s e s  through t h e  f i l t e r  were needed 
t o  cause  complete o r  s u b s t a n t i a l  b lockage,  (Runs 2 ,  3, 4, and 5 were  made 
w i t h  d i s t i l l e d  M 0 and a r e  t h e r e f o r e  n o t  a p p l i c a b l e , )  The f i n a l  r u n  w i t h  s p e c  2 4 
grade  p r o p e l l a n t  ( run  9)  was made a f t e r  abou t  80 t o  90% of t h e  N O i n  t h e  2 4 
s t o r a g e  t ank  had been used ,  AS no ted  above,  i n  t h i s  r u n  f low decay occur red  
w i t h  on ly  g r e a t  d i f f i c u l t y ,  
Run I0 was a n o t h e r  t e s t  w i t h  d i s t i l l e d  NZ04. The purpose  was t o  s e e  i f  f low 
decay would occur  w i t h  d i s t i l l e d  M 0  t h a t  had been r e c i r c u l a t e d  through t h e  2 4 
f i l t e r  as i n  r u n s  6-9, Zinc-65 was added as t h e  t r a c e r ,  go f low decay was 
observed i n  t h e  f i r s t  f o u r  p a s s e s ,  a l though  znG5 d e p o s i t e d  on t h e  f i l t e r  as 
u s u a l ( i n  r u n  10(a ) ,  2.39% of  t h e  added ~n~~ d e p o s i t e d  w i t h  d imin i sh ing  
amounts i n  r u n s  (b)-($9). A t  t h i s  p o i n t  t h e  t e s t i n g  was ended f o r  t h e  day 
and t h e  N204 w a s  a l lowed t o  s t a n d  o v e r n i g h t  i n  t h e  f e e d  tank.  The n e x t  morning 
about  16 h o u r s  l a t e r  t h e  t e s t i n g  was resumed, En lO(e)  no f low decay o c c u r r e d ,  
b u t  i n  t h e  v e r y  n e x t  p a s s  through t h e  f i l t e r  ( l O ( f ) )  f low decay began and con t inued  
f o r  the  remainder  of r u n  10 ,  These r e s u l t s  probably  i n d i c a t e  t h a t  t h e  r a t e  of 
r e a c t i o n  o f  t h e  N 0 w i t h  t h e  w a l l s  of t h e  s t a i n l e s s  steel tank  is f a s t  enough 2 4 
t o  r e g e n e r a t e  a  s u b s t a n t i a l  amount of d i s s o l v e d  i r o n  ( o r  o t h e r  m e t a l  compounds) 
w i t h i n  a p e r i o d  of a f e w  hours ,  The s u r f a c e  a r e a  t o  p r o p e l l a n t  volume r a t i o  
of t h e  t a n k  i s  f a i r l y  l a r g e  and t h e  d i s s o l u t i o n  r a t e  would accord ing ly  be  high.  
That t h e  N O would be  n e a r l y  s a t u r a t e d  w i t h  i r o n  upon s t a n d i n g  f o r  abou t  one 2 4 
day would be c o n s i s t e n t  w i t h  v a r i o u s  pub l i shed  r a t e  d a t a l s 3 ,  a l though  e f f e c t s  
on the r a t e  such  as t h e  p resence  o r  absence of s t i r r i n g  a r e  n o t  known w i t h  
c e r t a i n t y ,  
Table PO l i s ts  the ac t iva ted  foil d i s s o l u t i o n  t e s t s ,  Rad ioac t ive  i r o n  f o i l  
( r a t h e r  t h a n  s t a i n l e s s  s teel)  was s e l e c t e d  f o r  r u n  29 i n  p a r t  because i t s  r a t e  
~f dissolution had been p r e v i o u s l y  determinrde3 Calculations before the  r u n  
ind%cated  %hat a weekas C O ~ a t c t c t .  bet~reen the  prope2liirrt  and t l r ~  r ad ioac t ive  
1 
iron f a i f  would be s u f f i c i e n t  t o  approach s a t u r a t i o n ,  The e f f e c t  o f  t h e  
s t a i n l e s s  s teel .  s u r f a c e  of t h e  f e e d  t ank  was an unknotrm f a c t o r ,  b u t  because t h e  
L two s u r f a c e  a r e a s  were comparable (each approximately  300 i n  j ,  one would expect  
t o  o b t a i n  s u b s t a n t i a l  I?e5' a c t i v i t y  w i t h i n  t h e  p r o p e l l a n t  even i f  t h e  r a t e  of 
d i s s o l u t i o n  o f  t h e  s t a i n l e s s  s t e e l  were somewhat f a s t e r .  Th i s  was found t o  be  
t h e  case .  The i r o n  c o n c e n t r a t i o n  from t h e  i r o n  f o i l s  was determined t o  b e  about 
0.2 ppm. The t o t a l  i r o n  c o n c e n t r a t i o n  was no doubt h igher  on account  of t h e  
c o n t r i b u t i o n  from t h e  t ank  w a l l s .  On t h e  f o u r t h  pass  through t h e  f i l t e r  f low 
decay began and cont inued f o r  two more p a s s e s  through t h e  f i l t e r .  Near t h e  
beginning of t h e  s i x t h  p a s s  complete blockage occurred.  A t  t h e  conc lus ion  of 
t h e  s i x t h  pass, ~e~~ on t h e  f i l t e r  and i n  an  a l i q u o t  of N 0  were counted i n  t h e  2  4 
H a 1  w e l l  d e t e c t o r  used i n  Task 1 s o  t h a t  t h e  r a t i o  of i r o n  on t h e  f i l t e r  t o  
t h a t  remaining i n  t h e  p r o p e l l a n t  could  be  a c c u r a t e l y  e s t a b l i s h e d .  This  
measurement a l s o  pe rmi t t ed  d e t e r m i n a t i o n  of t h e  amount of i r o n  t h a t  had d i s s o l v e d  
from t h e  r a d i o a c t i v e  i r o n  f o i l ,  The gamma count r a t e  on t h e  f i l t e r  (790 cpm) 
was found t o  be  12.4% of t h e  o r i g i n a l  t o t a l  count  r a t e  i n  t h e  N 0  This 2 4" 
degree  of d e p o s i t i o n  i s  i n  reasonab ly  good agreement w i t h  t h e  r e s u l t s  of 
Table  6 ,  conf i rming t h a t  on ly  a small pe rcen tage  of t h e  i r o n  i n  s o l u t i o n  d e p o s i t s  
on t h e  f i l t e r  d u r i n g  o r  preceding t h e  f low decay p rocess  and sugges t ing  t h a t  
manual t r a c e r  a d d i t i o n  i s  a  v a l i d  way of i n t r o d u c i n g  r a d i o a c t i v i t y  i n t o  t h e  
p r o p e l l a n t ,  
I n t e r e s t i n g  r e s u l t s  were ob ta ined  when a t t e m p t s  were made t o  c l e a n  t h e  f i l t e r s .  
A l l  f i l t e r s  which had been subsequen t ly  exposed t o  t h e  a i r  d i d  n o t  e x h i b i t  
any v i s i b l e  contaminat ion,  even though c o n s i d e r a b l e  r a d i o a c t i v e  m a t e r i a l  had 
d e p o s i t e d  on t h e  f i l t e r .  These f i l t e r s  were r i n s e d  w i t h  v a r i o u s  s o l v e n t s  
and monitored d u r i n g  t h e  r i n s i n g  p r o c e s s  f o r  removal of r a d i o a c t i v i t y .  The 
f i l t e r  from r u n  4  w a s  t y p i c a l .  It was r i n s e d  w i t h  ( i n  o r d e r )  wa te r ,  ace tone ,  
ammonium hydroxide,  and potassium cyanide s o l u t i o n ,  None of t h e s e  s o l v e n t s  
had any a p p a r e n t  e f f e c t ;  a l l  of t h e  r a d i o a c t i v i t y  remained w i t h  t h e  f i l t e r .  
The n e x t  r i n s i n g  was w i t h  n i t r i c  a c i d  ( d i l u t e d  1 t o  4 by volume), which removed 
a l l  of t h e  r a d i o a c t i v i t y  ve ry  q u i c k l y  and e f f i c i e n t l y ,  More d a t a  a r e  necessa ry  
b e f o r e  t h e  reason  f o r  t h e  e f f e c t i v e n e s s  of n i t r i c  a c i d  a s  a  c l e a n i n g  agen t  
can b e  exp la ined ,  
4 ,2 ,3 ,2  C a p i l l a r y  Tube C a l i b r a t i o n s  
P r i o r  t o  t h e  t e s t s  t h e  two % - m i l  c a p i l l a r i ~ s  were c a f i b r a t e d  w i t h  wa te r ,  
S i n c e  t h e  Reynolds numbers encountered i n  t h i s  program were l e s s  than  2000, 
l aminar  f low w a s  expec ted  i n  a l l  of  t h e  r u n s ,  For l aminar  f low t h e  vo lumet r i c  
f low r a t e  is  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  p r e s s u r e  d rop  a c r o s s  t h e  c a p i l l a r y  and 
t h e  f o u r t h  power of t h e  d iamete r  and i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  l e n g t h  of 
t h e  c a p i l l a r y  and t h e  v i s c o s i t y  of t h e  f l u i d .  For a  g iven  c a p i l l a r y  t h e  
vo lumet r i c  f low r a t e  i s  simply i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  v i s c o s i t y  a t  a  
f i x e d  p r e s s u r e  drop. Tab le  ll summarizes t h e  f low r a t e s  found f o r  H 0 2 
and l is ts  t h e  c a l c u l a t e d  v a l u e s  f o r  N 0 and N H based on t h e  v i s c o s i t y  r a t i o s .  2 4 2 4 
TABLE ll. CAPILLARY FLOW UTES AT 67OF 
C a p i l l a r y  
Tube 
Number Cap ( p s i )  
Ra te  
Found 
(ml /min) 














The f i r s t  conc lus ion  o f  Table  11 i s  t h a t  t h e  f low r a t e  of  c a p i l l a r y  number 1 
i s ' a b o u t  14% g r e a t e r  than  t h a t  o f  c a p i l l a r y  number 2 ,  The second conc lus ion  
is t h a t  t h e  f low r a t e  as expected is  very  n e a r l y  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  
O P  a c r o s s  t h e  f i l t e r ,  a l t h o u g h  t h e  f low r a t e  d i d  n o t  q u i t e  quadruple  when t h e  
A P  was quadrupled,  
4,2,3,3 N 0 C a p i l l a r y  T e s t s  2 4 
The flow rates l i s t e d  in Table 7 did n o t  i n  g e n e r a l  a g r e e  complete ly  w i t h  t h e  
t heo re t i ca l  f l o w  rates given in Table 11, A l s o  i r r e g u l a r i t i e s  i n  f low are 
apparent,  a l though no t rend of a d e c r e a s e  i n  f low rate  w i t h  time can be seen ,  
Runs 13 and 14  showed good agreement wi th  t h e  t h e o r e t i c a l  f low r a t e  (Table 11)  
at the s t a r t  of the run,  but t h e  f l o w  rates then decreased l a t e r  i n  the  runs 
(to l , 7  and l o g  m l l r n i n ,  u e s g e c & i v e l y ) ,  I n  run  1 4  the flow r a t e  i n c r e a s e d  
towards t h e  end of t h e  run and a g a i n  approached t h e  t h e o r e t i c a l  f l o w  rate,  
I The f low i r r e g u l a r i t i e s  seem more c o n s i s t e n t w i t h  pa r t i a l .  c logg ing  from 
e x t r a n e o u s  p a r t i c u l a t e  m a t t e r  r a t h e r  t h a n  from flow decay mechanisms such a s  
g e l a t i o n  o r  complex format ion.  For example, i n  run 12 flow d i d  n o t  s t a r t  
when t h e  p r o p e l l a n t  i n  t h e  c a p i l l a r y  was f i r s t  p r e s s u r i z e d  t o  40 p s i ,  A f t e r  
r e c l e a n i n g ,  f low began a t  a low flow r a t e  (2.8 ml/min) and t h e n  began t o  
i n c r e a s e  midway through t h e  r u n ,  f i n i s h i n g  a t  5 ,5  mljmin, n e a r l y  double  t h e  
s t a r t i n g  f low r a t e .  The £'act t h a t  f low would n o t  s t a r t  i n i t i a l l y  and t h a t  
when i t  f i n a l l y  d id  s t a r t  t h e  f low r a t e  a c t u a l l y  inc reased  w i t h  t ime i s  more 
c o n s i s t e n t  w i t h  s imple  p a r t i c u l a t e  m a t t e r  c logging than  a  f low decay mechanism. 
Fur thermore,  i n  run 14 no r a d i o a c t i v i t y  could be d e t e c t e d  a s  having d e p o s i t e d  
i n  t h e  c a p i l l a r y .  I n  some of t h e  runs  t h e  p r o p e l l a n t  was cooled p r i o r  t o  e n t r y  
i n t o  t h e  test s e c t i o n ,  b u t  t h e  f low r a t e s  were s o  smal l  t h a t  t h e  p r o p e l l a n t  
had warmed back t o  70°F b e f o r e  e n t r y  i n t o  t h e  c a p i l l a r y ,  meaning t h a t  
v i s c o s i t y  v a r i a t i o n s  w i t h  t empera tu re  cannot  account f o r  t h e  f low i r r e g u l a r i t i e s  
o f  Tab le  7, 
I 
i 
The f low r a t e s  of Table  7 a r e  probably  a c c u r a t e  t o  C5% a t  b e s t ,  The graduated 
- 
s i g h t  gauge markings were on ly  5 m l  a p a r t ,  which permit ted  many flow r a t e  
r e a d i n g s  t o  be  made, b u t  l i m i t e d  t h e  accuracy i n  any one i n d i v i d u a l  r e a d i n g ,  
4,2.3,4 N2H4 C a p i l l a r y  T e s t s  
L ike  t h e  N 0 f l aw runs  t h e  N H t e s t s  a l s o  e x h i b i t e d  some f low r a t e  2 4  2 4 
i r r e g u l a r i t i e s ,  b u t  i n  t h i s  c a s e  t h e  flow r a t e s  seemed i n  b e t t e r  agreement 
w i t h  t h e o r e t i c a l  v a l u e s ,  Again no flow decay t rend  could be  d i s c e r n e d ,  and 
t h e  f low i r r e g u l a r i t i e s  a r e  b e s t  exp la ined  by p a r t i a l  c logg ing  due t o  extraneous  
p a r t i c u l a t e  m a t t e r ,  No d e p o s i t i o n  of r a d i o a c t i v e  mat te r  was d e t e c t e d ,  
Runs 16(a) and ( b ) ,  1 9 ,  and 2 1  y i e l d e d  flow r a t e s  t h a t  were f a i r l y  c l o s e  t o  
t h e o r e t i c a l  (Table 11)- Also the initial flow rates in r u n s  17(a) and 20 were 
i n  good rigreenrent w i t h  theory ,  In rurl  1 6  t h e  f i r s t  portion sf t h e  run,  16(a), 
was conducted a t  40 p s i .  In t h e  mids t  of t h e  run the head p r e s s u r e  was 
suddenly reduced eo,lO p s i  t o  see i f  t h e  fl.ow r a t e  would be reduced by a  factor 
of 4,  Such was  found t o  be the  case,  wi th  t h e  flow r a t e  d r o p p i ~ g  from about 
3.6 mllmin t o  about 0 0 9  ml/min. However, when t h e  head pressure  was re turned  
t o  60 p s i  i n  16(c) ,  t h e  flow rate increased t o  3.2 rnllmin, no t  gygte equal  t o  
t he  o r i g i n a l  va lye  i n  run  16(a) ,  Runs 19(a)  and (b) were i n  e ~ & t l e n t  agree- 
ment w i th  theory and run  21 was sag i s f ac to ry  a s  w e l l .  
Runs 18(b)  and 20 were the  only runs i n  which s u b s t a n t i a l  (complete o r  almost 
complete) blockage occurred. Flow would not  even begin i n  run @(b) when t h e  
pressure  w a s  reduced a f a c t o r  of 4 from 18(a) .  I n  run  20 flow began w e l l ,  b u t  ' 
then decreased t o  almost nothing. It was thought t h a t  i f  a pa r tgc l e  were 
blocking t h e  cap i l za ry  a sharp t a p  might d i s lodge  t h e  p a r t i c l e .  Upon sha rp ly  
' .  tapping t h e  c a p i l l a r y  wi th  a wrench the  flow r a t e  suddenly incrgased from 0.3 . 
mllmin t o  0.67 rnllmin. A t  t h e  conclusion of t h i s  run an  examinagion of t h e  
c a p i l l a r y  revealed b l ack  specs a t  t h e  entrance t o  t he  cap i l l a ry .  These b l ack  
specs,  which apparent ly  had been respons ib le  f o r  clogging the c a p i l l a r y ,  had 
more the  appearapce of extraneous p a r t i c u l a t e  mat te r  (such a s  dqgcribed i n  
~ k e t i o n  4.2.3:s and Figure 15) r a t h e r  than a metal complex compor~rld. +Pw 
4.2.3.5 N2H4 F i l f e r  Tes t s  . . .  
The N2H4 flow t e g t s  of Table 9 (runs 22-26) were very s a t i s f y i n g  i n  t h a t  no t  
only no flow deaay occurred,  bu t  fhe  amount of r a d i o a c t i v i t y  thaf deposited 
on t h e  f i l t e r  w q ~  about  a n  order  of magnitude less than t h e  amouRt t h a t  1' 
deposi ted i n  t h e  N204 t e s t s .  Thus t h e  tendency f o r  flow decay 4g occur seems 
c l o s e l y  r e l a t e d  t~ t h e  amount of t r a c e r  t h a t  depos i t s .  
Since some of t h e  N204 tests suggested t h a t  considerable  propel lan t  may flow 
normally through t h e  f i l t e r  before  flow decay begins,  every e f f o g t  w a s  made 
- .  , 
_ -  L 
t o  g ive  flow deeay a chance t o  occur. A l l  of t h e  runs of Table 9 were made 
us ing  t h e  same gwo ga l lons  of N2H4 and t h e  same f i l t e r  employed 10 t h e  i n i t i a l  
run (run 22). The p rope l l an t  was simply r ec i r cu la t ed  through the f i l t e r  w i th  a 
* = : -  I . 
I 
new run number assigned whenever a d d i t i o n a l  r ad ioac t ive  t r a c e r  ~jgs added t o  
I ' 
t he  N2H4. The h e a t  exchanger was set a t  a s  low a temperature a s  w a s  p r a c t i c a l  1 
( 4 3 ' ~ )  i n  runs  25(c)-(g). (N2H4 f r eezes  a t  about 36OF). Af te r  many passes  I 
through t h e  f i l t e r  t h e  flow rate was  doubled i n  run 25(g) t o  s e e  i f  t h e  increased  
flk rate' might induce flow decay a s  was observed i n  run 9(h) of the  N 0 tests. 2 4 
The r e s u l t s ,  however, w e r e  negative. 
Metal s a l t s  a r e  reported t o  be much more soluble  i n  N2H4 than i n  N 0 2 .4 '  It 
seems q u i t e  poss ib le  t h a t  flow decay does not occur i n  N H because t h e  metal 2 4 
contaminants never reach a s t a t e  s u f f i c i e n t l y  c lose  t o  sa tura t ion .  To v e r i f y  
t h i s  idea  at tempts were made t o  prepare a so lu t ion  of ZnSO c lose  t o  the  4 
- s a t u r a t i o n  l i m i t  and then pass t h i s  so lu t ion  through a f i l t e r  (run 27). Zinc 
s u l f a t e  was se lec ted  a s  the  s a l t  because t h i s  substance is  so lub le  t o  the  
ex ten t  of only about 70 ppm (as Zn) i n  N2H4 a t  room temperatureO4 The s o l u t i o n  
was prepared by d issolv ing l g  of ZnS04 -7H20 i n  1 m l  of H20 and adding t h i s  
so lu t ion  t o  two gal lons  of N2H4. This would produce a so lu t ion  of 28 ppm (as Zn). 
Af ter  adding the  aqueous ZnS04 so lu t ion  t o  the  N H i n  the  catch tank, the  2 4 
mixture w a s  ag i t a t ed  f o r  about 5 minutes. The so lu t ion  was then passed 
' 
through one of the  10 micron f i l t e r s  i n t o  the  feed tank (bypassing t h e  f i l t e r  
i n  the  test sec t ion)  t o  remove any p a r t i c u l a t e  ZnSO t h a t  might be present .  4 
When the  p rope l l an t  was next flowed from the  feed tank through the  test 
sec t ion  considerable flow decay occurred (24%). Of i n t e r e s t  was the f a c t  t h a t  
t h e  r a d i o a c t i v i t y  count l e v e l  on the  f i l t e r  decreased s u b s t a n t i a l l y  during the  
run (about 60%). The f i l t e r  i n  the  t e s t  sec t ion  w a s  the  same f i l t e r  used i n  
runs 22-26, and appreciable r a d i o a c t i v i t y  had deposited p r i o r  t o  run 27. The 
decrease i n  count r a t e  is  e a s i l y  explained by intermolecular  exchange between 
6 5 t h e  zinc atoms of the  ZnS04 so lu t ion  and Zn atoms of the  z inc  compound 
adhering t o  the  f i l t e r .  
A t  the  conclusion of run 27 the  f i l t e r  was removed and placed i n  a polyethylene 
bag f o r  storage. No s p e c i a l  precautions were taken t o  avoid exposure t o  the  
air. The ex te rna l  su r face  had a dark appearance, probably due t o  t h e  
deposi t ion  of.some s o r t  of a z inc  sulfate-hydrazine complex. About 5 minutes 
l a t e r  the  dark  colora t ion  had disappeared, and the  p l a s t i c  bag had melted. 
Apparently the  zinc.complex had undergone a i r  oxidat ion re l eas ing  s u f f i c i e n t  
hea t  t o  cause the  melting. 
contaminated with extraneous p a r t i c u l a t e  matter .  When t h e  N2H4 was passed 
through t h e  f i l t e r ,  plugging occurred. An examination of t h e  N2H4 revealed 
t h e  presence of numerous small  black p a r t i c l e s  i n  t he  propel lan t .  These 
b lack  p a r t i c l e s  were t raced  t o  two l i k e l y  sources.  Many of t h e  b l ack  p a r t i c l e s  
- were r a t h e r  dense and were ferromagnetic,  These were introduced from t h e  ac id  
- immersion ba th  used i n  t h e  cleaning procedure. The p a r t i c l e s  had deposited on 
p a r t i c l e s  could no t  b e  seen when the  i n s i d e  of t he  tank w a s  f P r s t  inspected, 
more va lve  O-rings t h a t  de t e r io ra t ed .  Figure 15 shows one such O-ring 
. discovered j u s t  a f t e r  t he  completion of run 28* The b i t s  and p ieces  of t he  O-ring 
are d i s t r i b u t e d  over t h e  upper threads  i n  t h e  p ic ture .  The O-ring w a s  Parker 
. compound (Cat. No. B591-8). The f a c t  t h a t  t h e  O-ring was o ld  and had been used 
4.2.3.6 Temperatures 
I n  a l l  of  t h e  flow t e s t s  t h e  p rope l l an t  i n  t h e  feed tank was maiatained a t  a 
3 2 ' ~  h e a t  exchanger w a s  used, t he  propel lan t  had warmed t o  4g°F by the  time 
' 
t h e  t e s t  s e c t i o n  w a s  reached. I n  t he  case  of 0.2 gpm N 2 ~ 4 / f i l t e r  t e s t s  i n  which 
. --- . .I. . . 

5,0 CONCLUSIONS 
The the rmal  neu t ron  a c t i v a t i o n  a n a l y t i c a l  t echn ique  developed i n  Task l is  an  
e x c e l l e n t  method f o r  t h e  q u a n t i t a t i v e  a n a l y s i s  of t r a c e  c o n c e n t r a t i o n s  of 
metals i n  p r o p e l l a n t s ,  Although capab le  of h igh  s e n s i t i v i t y ,  t h e  method must 
b e  p r o p e r l y  a p p l i e d  t o  r e a p  f u l l y  t h i s  advantage,  Due c a r e  must be  e x e r c i s e d  
i n  choos ing  a c o n t a i n e r  m a t e r i a l ,  s i n c e  i m p u r i t i e s  i n  t h e  c o n t a i n e r  may a c t i v a t e  
t o  g i v e  i n t e r f e r i n g  gamma emiss ions ,  There is  no reason ,  however, why t h e  
a c t i v a t e d  c o n t e n t s  (e ,g , ,  p r o p e l l a n t  o r  aqueous s o l u t i o n  of a s t a n d a r d )  
cannot  be t r a n s f e r r e d  t o  an  i n e r t  ( r a d i o a c t i v e l y  speaking)  c o n t a i n e r  f o r  count-  
The "wet" a n a l y t i c a l  method, i n  which t h e  l i q u i d  p r o p e l l a n t  and i t s  c o n t e n t s  
are a c t i v a t e d ,  should  be avoided i f  p o s s i b l e ,  Besides  t h e  added hand l ing  
d i f f i c u l t i e s ,  t h e  method s u f f e r s  from d i sadvan tages  such a s  i n s t a b i l i t y  of t h e  
p r o p e l l a n t  i n  t h e  p resence  of r e a c t o r  r a d i a t i o n  (as was found f o r  N H i n  2 4 
t h i s  program) and i n t e r f e r e n c e  from t h e  gamma emiss ions  of v o l a t i l e  i m p u r i t i e s  
(as was found for  N204 i n  t h i s  program), Ho-tserrer, t h e  'Qryqs  a n a l y t i c a l  method, 
i n  which t h e  r e s i d u e  l e f t  a f t e r  e v a p o r a t i n g  t h e  p r o p e l l a n t  i s  a c t i v a t e d ,  is 
q u i t e  s a t i s f a c t o r y ,  The method minimizes p r o p e l l a n t  hand l ing  w i t h o u t  any 
a p p r e c i a b l e  impact on e i t h e r  s e n s i t i v i t y  o r  accuracy.  
Atomic a b s o r p t i o n  spec t roscopy ,  t h e  on ly  p o s s i b l e  compet i to r  o f  a c t i v a t i o n  
a n a l y s i s  i n  t e r m s  of s e n s i t i v i t y ,  y i e l d s  r e s u l t s  more r a p i d l y ,  However, 
5 
when lower d e t e c t i o n  l i m i t s  are r e q u i r e d  o r  when a  p r o p e l l a n t  sample must be 
ana lyzed  f a r  s e v e r a l  m e t a l s  s imul tandous ly ,  t h e n  d r y  a c t i v a t i o n  a n a l y s i s  is 
the c o r r e c t  cho ice ,  I f  a p r o p e l l a n t  sample lnust be analyzed i n  a n o n d e s t r u c t i v e  
f a s h i o n ,  t h e n  wet a c t i v a t i o n  a n a l y s i s  i s  a p o s s i b l e  method i n  s p i t e  of i t s  
d i s a d v a n t a g e s ,  
The r e su l t s  of Task 2 show t h a t  r ad ioac t ive  t r a c e r s  can be c o n s i d e r e d  t o  have 
t w o  major advantages as a diagnostic tool when a p p l i e d  t o  flow decay problems: 
(1) the  high penetrability of gamma says permits t h e  rrlsvement o f  r n e k a l  
contamPslants :~ithI:in a feed system t o  be ext.erllaI3.y nnon;ioreci nirkoui d i s t u r b -  
i n g  t h e  s y s t e m  i n  any way; and (2) Che v e r y  h%gh s e n s i t i v i t y  s f  t h e  t o o l  
perm%Cs a s t u d y  of t h e  movement af amounts of contaninants so s m a l l  a s  t o  be 
o r d e r s  of magnitude below t h e  d e t e c t i o n  l i m i t s  measured by o t h e r  means, 
The exper imental  r e s u l t s  l ead  one t o  conclude t h a t  t h e  MSC-PPD-2A N 0  2 4  
used i n  t h i s  program i s  h igh ly  prone t o  undergo flow decay when passed through 
I 1 0  micron a b s o l u t e  f i l t e r s .  D i s t i l l a t i o n  of t h e  p r o p e l l a n t  i s  a  means of I e l i m i n a t i n g  t h e  occurrence of f low decay,  provided t h a t  t h e  p o s t - d i s t i l l a t i o n  
c o n t a c t  time between t h e  N , O  and meta l  s u r f a c e s  is  s h o r t  enough t o  avoid  L 4 
recon tamina t ing  t h e  p r o p e l l a n t  w i t h  c r i t i c a l  amounts of d i s s o l v e d  m e t a l s  such 
as i r o n .  The e a s e  w i t h  which n i t r a t e s  of r a d i o a c t i v e  z i n c  and chromium 
d e p o s i t e d  on t h e  f i l t e r s  i n d i c a t e s  t h a t  t h e s e  meta l s  a s  w e l l  a s  i r o n  can be  
found i n  N 0 f low decay d e p o s i t s .  Since  a n a l y t i c a l  d a t a  taken from t h i s  2 4  
program and ano ther2  i n d i c a t e s  t h a t  t h e  c o n c e n t r a t i o n s  of z i n c  and chromium 
( e s p e c i a l l y  chromium) i n  N 0  tend t o  be  lower than t h a t  of i r o n ,  one would 
2 4 
I e x p e c t  t h a t  t h e s e  two m e t a l s  p lay  a  s m a l l e r  r o l e  i n  inducing flow decay,  
Moni tor ing t h e  movement of t h e s e  r a d i o a c t i v e  contaminants al lowed two 
impor tan t  conc lus ions  t o  be  reached which h e l p  shed l i g h t  on t h e  f low decay 
mechanism. F i r s t ,  t h e  amount of contaminant t h a t  need d e p o s i t  t o  c a u s e  f low 
decay is only  a  s m a l l  f r a c t i o n  (about 1 t o  10%) of t h e  metal  c o n t e n t  i n  
s o l u t i o n .  Second, o f  t h e  1 t o  10% of t h e  meta l  contaminant t h a t  d e p o s i t s ,  t h e  
b u l k  of t h i s  m a t e r i a l  o f t e n  d e p o s i t s  p r i o r  t o  t h e  p o i n t  a t  which a d e c r e a s e  
i n  f low r a t e  can be measured, More in format ion  i s  needed, however, b e f o r e  
a n  a c t u a l  mechanism can be  pos tu la ted .  
Flow decay appears  n o t  t o  be  a  problem when MIL-P-26536C N 2 H 4  i s  passed through 
1 0  micron f i l t e r s .  Th i s  conc lus ion  i s  based on t h e  f a c t  t h a t  no f low decay was 
observed w i t h  N H under t h e  t e s t  c o n d i t i o n s  i n  t h i s  program and because  f a r  2 4 
l e s s  r a d i o a c t i v e  m a t e r i a l  depos i t ed  i n  t h e  N H t e s t s  as compared t o  t h e  N204 2 4 
tests. 
Although flow r a t e  i r r e g u l a r i t i e s  were experienced on occas ion  when bo th  N 0  2 4 
and N H were passed through 0,808 inch  I , D ,  c a p i l l a r i e s ,  t h e s e  i r r e g u l a r i t i e s  2 4 
were more c o n s i s t e n t  w i t h  p a r t i a l  blockage by ex t raneous  p a r t i c u l a t e  m a t t e r  
i n  t h e  p r o p e l l a n t  r a t h e r  than  t h e  r e s u l t  sf some f l o w  decay  mechanism, 
P l a c i n g  a  LO micron f i l t e r  upstream of  t h e  c a p i l l a r y  would e l i m i n a t e  t h e  f l o w  
i r r e g u l a r i t i e s  i n  t h e  c a s e  of N H b u t  would o n l y  compound t h e  problem i n  t h e  2 4' 
c a s e  of N204, s i n c e  t h e  f i l t e r  would undergo blockage,  
6,6  RECOWENDATPONS 
No further scudy of activation analysis as a means of quantitatively analyzing 
for metals in propellants is recommended. The various advantages and problem 
areas were adequately defined during Task 1 of this program, 
Much remains unknown concerning flow decay mechanisms. The radioactive tracer 
technique was shown in this program to be an excellent tool for gaining insight 
into these mechanisms, and use of this tool should be pursued to gain additional 
insight. Flow tests conducted in Task 2 were limited to a narrow range of 
temperature and flow rate, and it would therefore seem desirable to broaden 
the data to include these important parameters. Other propellants should also 
be studied. Flow decay has not been observed in certain propellants, but the 
use of a more sensitive technique may uncover some hitherto unrecognized 
problems. Finally, other metals should be investigated. Aluminum and titanium 
alloys are important candidates because of their widespread use in the aero- 
space industry. 
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